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ACOUSTIC AND AERODYNAMIC PERFORMANCE OF A 1. 83-METER 
(6-FT) DIAMETER 1. 25-PRESSURE-RATIO FAN (QF-8) 
by Richard P. Woodward and James G. Lucas 
Lewis Research Center 

SUMMARY 

A 1.25 -pressure-ratio, 1. 83-meter (6-ft) tip-diameter experimental fan st£^e suit- 
able for engine application on a STOL aircraft was tested for acoustic and aerod 3 mamic 
performance. The design incorporated features for low noise, including absence of inlet 
guide vanes, low rotor tip speed (258 m/sec (845 ft/sec)), low aerodynamic blade load- 
ing, and long axial spacing between the rotor and stator blade rows. At design speed the 
110 per cent -of -design-area nozzle enabled the QF-8 fan stage to operate closest to the 
design point, with a measured corrected inlet mass flow of 420 kilograms per second 
(927 Ibm/sec), a pressure ratio of 1.230, and a corrected thrust of 80 086 newtons 
(18 004 Ibf). Corresponding design values were 423 kilograms per second (933 Ibm/sec), 
1.25, and 82 939 newtons (18 647 Ibf). 

A 50. 8 -centimeter (20-in.) diameter scale model of fan QF-8 was tested for aero- 
dynamic performance in an indoor facility. The results were compared with full-scale 
fan results and with design values. Althov^h the model results were in reasonable agree- 
ment with the design, some significant differences were noted in the corresponding full- 
scale results. The full-scale results were adversely affected by the closeness of the 
support pylon to the stator exit and the circumferential increase in the diameter of the 
outer wall of the flow passage at the stator exit to compensate for pylon blockage. 

The sound pressure and power level spectra were t 37 pical of a subsonic relative tip 
velocity fan. Separation of the acoustic one -third -octave results into broadband and pure 
tone components showed the broadband noise to be higher than the pure tone components. 
The sideline perceived noise for the QF-8 fan was rear quadrant dominated. At the de- 
sign speed and with the 110 percent -of -design-area nozzle, the maximum sideline per- 
ceived noise along a 152. 4 -meter (500-ft) sideline was 108 perceived noise decibels 
(PNdB). 

The QF-8 fan was the last of three experimental fans with characteristics suitable 
for a quiet STOL aircraft ei^ine tested at the NASA quiet fan facility. The acoustic re- 
sults for these three fans were compared. The QF-8 had relatively higher noise levels 
than those of the other two fans. The increased noise level for the QF-8 fan was believed 
related to the poorer aerodynamic performance of that fan compared with the other two 
full-scale fans. 



INTRODUCTION 


Noise generation as well as aerodynamic performance are important considerations 
for short takeoff and landing (STOL) aircraft operatii^ near populated areas. Although 
no firm STOL aircraft noise specifications exist at present that are comparable to Fed- 
eral Air Regulation - Part 36 (FAR-36), an often-presented goal for STOL sideline noise 
is 95 EPNdB along a 152. 4-meter (500-ft) sideline (ref. 1). The noise of a single engine 
would be somewhat less than this goal for the total multiengine aircraft noise. 

Cycle analysis of optimum engines for externally blown flap STOL application 
(ref. 2), show that the fan pressure ratio should be in the range from 1. 20 to 1.35. The 
quiet STOL engine requirement of a large flow of relatively low exhaust velocity results 
in an engine bypass ratio of about 10 to 15. 

This report presents the acoustic and aerodynamic results of a full-scale experi- 
mental fan with characteristics suitable for such a quiet STOL engine. This fan, desig- 
nated QF-8, had a tip diameter of 1. 83 meters (6 ft) and a design pressure ratio of 1.25. 
Major design features for low noise generation that were incorporated in QF-8 included 
eliminating the use of inlet guide vanes, low rotor tip speed, low aerodynamic blade 
loading, and long axial spacing between the rotor and stator blade rows. QF-8 had 
30 rotor blades and 34 stator vanes. The blade-vane numbers were not chosen for duct- 
mode cutoff because of other acoustic design restraints. The design thrust of QF-8 was 
82 939 newtons (18 647 Ibf), and the design rotor tip speed was 258 meters per second 
(845 ft/sec). 

Two other full-size experimental fans with characteristics suitable for a quiet STOL 
engine were tested at the same facility. QF-6 (ref. 3) had 42 rotor blades and 50 stator 
vanes and was designed for a stage pressure ratio of 1.20. QF-9 (ref. 4) also had a 
design stage pressure ratio of 1.20 but had only 15 rotor blades and 11 stator vanes. 

The low number of rotor blades on QF-9 reduced its passage tone frequency into a region 
of lower perceived noise weighting and facilitated a mechanism that allowed the rotor 
blade pitch to be adjusted for various conditions including thrust reversal. Reference 5 
is a comparison of the acoustic performance of the QF-6 and QF-9 design configurations. 

Of the three fans, QF-8 had the highest design values of tip speed, relative inlet 
Mach number, stage pressure ratio, and thrust. In general, the QF-8 fan values for 
solidity, number of blades, and D-factor were between the corresponding values for 
fans QF-6 and QF-9. The data obtained from these three fans are compared in this re- 
port. 

The QF- 8 fan was run without acoustic treatment in the flow passages of the simu- 
lated nacelle. A series of nozzles was tested which included the calculated design exit 
area and nozzles having 106, 110, 115, and 119 percent of this design exit area. 

Aerod 3 mamic results are presented in terms of corrected mass flow, exit velocity. 
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corrected thrust, and stage adiabatic efficiency. The QF-8 fan acoustic results are 
presented for sound pressure level at various azimuth angles, for so\md power level, 
and for perceived noise level based on one-third octave data. Narrow-band sound pres- 
sure level spectra are presented for selected conditions. 

Scale models (50. 8-cm (20-in.) rotor -tip diam) of QF-6, QF-8, and QF-9 were ex- 
tensively tested for aerodynamic performance in a highly instrumented indoor facility. 
The aerodynamic results for the QF-8 and QF-9 models are, respectively, presented in 
references 6 and 7. No acoustic results are presented for the model fans since the test 
facility used for the model tests is not designed for such investigations. The aero- 
dynamic results of the three full-scale fans are compared to corresponding model re- 
sults and design values in this report. 


FAN STAGE 

Acoustic and Aerodynamic Considerations 

The QF- 8 experimental fan stage was designed to have characteristics suitable for 
a turbofan engine applicable to an externally blown flap under-the-wing configuration for 
a short takeoff and landing (STOL) airplane. This fan was designed to be quiet within the 
constraints of conservative, conventional aerodynamic design practice. Considerations 
for reduced acoustic noise levels include the absence of inlet guide vanes, the use of low 
rotor tip speed, low rotor blade aerodynamic loading, and long axial spacing between the 
rotor and stator blade rows. These features have been used before in low-noise fans 
(ref. 8) and are compatible with low- noise design practice. 

Inlet guide vanes produce a pattern of trailing wakes that impinge on the rotor 
blades with a resultant tone contribution at the rotor blade passage frequency and associ- 
ated overtones (e.g. , see ref. 9). Therefore, the absence of inlet guide vanes elimi- 
nates this major noise source. 

The energy input to the air by the rotor blades is a direct function of rotor tip speed 
and blade loading. The rotor tip speed relates to the relative Mach number on the 
blades. Multiple pure tones, which are associated with supersonic flow past the blade, 
are not expected to be generated by QF-8 because the low tip speed results in a tip rel- 
ative Mach number somewhat below unity. 

Local blade loading is usually expressed in terms of the diffusion factor (D -factor), 
which is based on the diffusion in velocity on the blade suction sxirface. The relation is 
given as 
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D-factor = 1 - 


( 1 ) 


Vj ^ 2aV^ 

where and V 2 are, respectively, the blade inlet and outlet relative velocities, AVg 
is the change in tangential velocity across the blade, and a is the blade solidity. Ref- 
erence 10 indicates that low diffusion factors (and thus low loading) will aid in reducing 
the discrete tone noise levels. The rotor-tip speed is inversely related to the average 
blade loading for a given work input. Therefore, a compromise was made between the 
rotor-tip speed and blade loading. QF-8 had a design rotor-tip speed of 258 meters per 
second (845 ft/sec) and a maximum rotor diffusion factor of 0. 45. At the rotor hub and 
tip the diffusion factors were 0. 32 and 0. 34, respectively. These diffusion factors are 
well below the generally used upper limit for flow of 0. 50 to 0. 55. At this design rotor 
tip speed, the rotor-tip inlet relative Mach number is 0. 921, somewhat less than that 
which would be expected to generate significant multiple pure tones (ref. 11). 

A long axial spacing between the rotor and stator blade rows is useful in providing 
mixing length to help dissipate the rotor wakes before they impinge on the stator vanes. 
These wakes generate a noise contribution at the rotor-blade-passage frequency. How- 
ever, higher aerodynamic losses may be associated with this long mixing length between 
the blade rows than would occur with close rotor-stator spacing. This large spacing 
may result in a longer, heavier engine than might be possible with a closer spacing. 

QF-8 had a rotor-stator axial separation of approximately 4 rotor chords at the mean 
radius. This large blade -row separation, together with the previously mentioned absence 
of inlet guide vanes, was expected to reduce blade -row interaction noise generation at 
blade -passage frequency (ref, 12). 

Reference 13 indicates that long stator chords reduce the response to incoming 
rotor wakes, possibly reducing the blade-passage frequency noise. Relatively large 
stator chords (stator and rotor mean aerodynamic chords about equal) were used in the 
QF-8 fan design for this purpose. The number of stator vanes was then determined by 
a desire to maintain conventional solidity values. 

Low- noise fans are frequently designed with consideration of the cutoff theory of 
reference 14 to prevent the forward propagation of certain spinnii^ modes. This tech- 
nique requires the number of stator vanes to be slightly greater than twice the number 
of rotor blades. QF-8 was not a cut-off fan because the small number of stator vanes 
(34) resulting from the relatively large chord length for the desired solidity violated this 
cutoff criterion. 

Reference 13 also indicates an acoustic advantage in adjusting the stator-vane de- 
sign incidence angles to minimize fluctuating lift. These angles were adjusted in the de- 
sign in the direction of lowering blade -passage frequency noise, but they were not ad- 
justed to the extent indicated by acoustic calculations because of the possible detriment 
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to the aerodynamic performance of the fan. Reference 6, which describes the results of 
the 50. 8-centimeter (20- in. ) rotor-tip-diameter model of QF-8, includes a detailed de- 
scription of the QF-8 fan aerodynamic design. 


Design Characteristics 

A summary of major design characteristics of fan QF-8 is presented in table I. 
Photographs of the QF-8 rotor and stator blading are presented in figure 1. Figure 1(a) 
shows the 30 rotor blades (lookii^ downstream). The low hub-tip ratio (0. 40) is evident 
in this photograph. An upstream view of the stator vanes is presented in figure 1(b). 

The large support pylon is clearly seen in the foreground of this view. 

Figure 2 is included to show how the design rotor-tip speed and stage pressure ratio 
of QF-8 compare with other fans tested at the same facility. As previously mentioned, 
the QF-6 and QF-9 fans were also experimental STOL application fans, both with a 
1.20 stage pressure ratio. The remaining fans presented in figure 2 are more suited 
for conventional takeoff and landing aircraft. The work coefficient values shown in fig- 
ure 2 give an indication of the overall stage loading. 


Flow Path 

Two additional restraints were imposed on the QF-8 fan design. The flow passage 

was to have no inner-radius convergence through the stage as is conventional with higher 

pressure ratio fans. This was in consideration of the proposed blown- flap application 

to facilitate the rejoinii^ of the engine fan and core flows. Also, the elimination of this 

convergence reduces the overall required flow passage length to achieve this joined flow, 

resulting in a more compact engine. This straight inner flow passage is clearly shown 

in the stage cross section (fig. 3). The circumferential increase in the outer radius of 

the flow passage downstream of the stator is shown in figure 3. This was required to 

compensate for the blockage caused by the facility pylon. The calculated design nozzle 

area of 1.912 square meters (20. 58 ft ) was similar to the flow passage area immedi- 

2 

ately downstream of the stator exit of 1. 950 square meters (20. 99 ft ). 

A second restraint was to design for a 0. 4 rotor inlet hub-tip ratio. Advantages of 
a low rotor hub-tip ratio include an increased mass flow through the fan for a given tip 
diameter and a smaller inner flow contour radius to assist in the rejoining of the fan and 
engine core airflows. The QF-8 design had an inlet hub-tip ratio of 0. 402. 

The QF-8 fan was designed to be tested using part of the already- existing structure 
and exhaust-end flow ducting of the full-scale fan facility. As a result, the fan rotor 
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discharge flow is not divided radially (fig. 3) as would be the case in an actual turbofan 
engine where the inner portion of the rotor flow is ducted into the core engine. Like- 
wise, the scale model of QF-8 did not have a radially split discharge flow. The pres- 
ence of a flow splitter behind the rotor would allow reduced loading of both rotor and 
stator near the hub. 

Using figure 4 one may compare the full-scale QF-8 fan flow passage contour 
(fig. 4(a)) with a conventional design contour (fig. 4(c)) and with the scale model instal- 
lation (fig. 4(b)). The inner-surface contour for the conventional configuration is help- 
ful in reducing D- factors near the blade hub. The outer radius of the flow passage of 
the full-scale fan QF-8 was increased downstream of the stator (fig. 4(a)) to compensate 
for pylon blockage (fig. 5). This modification of the flow passage was not used for the 
50. 8 -centimeter (20-in.) rotor -tip -diameter model of QF-8 as shown in figure 4(b). 

The requirement of axial stator outflow for the relatively low hub -tip ratio stator 
used for QF-8 resulted in higher hub-region blade loadings than for a conventional stator 
installation. The axial requirement (at the hub) was imposed by the centerbody pylon 
(see fig. 5). The pylon is a 20 percent thick airfoil in cross section. Any significant 
angularity of the flow impinging on it would cause a large local flow separation, which 
would in turn block a portion of the flow path in this area, and thus cause the fan to 
operate closer to, or in, stall. 


Design Comparisons 

Three experimental fans with characteristics suitable for STOL aircraft application 
were tested at the quiet fan facility. 

A comparison of selected design parameters for the QF-6, QF-8, and QF-9 fans is 
presented in table II. Design details of the QF-6 and QF-9 fans are presented in refer- 
ences 3 and 4. Fan QF-8 had the highest design values of tip speed, relative inlet Mach 
number, stage pressure ratio, and thrust. In general, the QF-8 fan values for solidity, 
number of blades, and D- factor were between the corresponding values for the QF-6 and 
QF-9 fans. The rotor-tip solidity of QF-9 was, of necessity, less than 1. 0 to allow the 
blades to rotate to a reverse thrust position. The fan rotor -tip solidities for QF-6, 
QF-8, and QP-9 were 1.188, 1.000, and 0.893, respectively. The rotor D-factors 
were lowest for QF-6, which had a maximum rotor D-factor of 0. 386. The maximum 
rotor D-factor for QF-8 was 0.447 and for fan QF-9, 0. 530. The maximum stator D- 
factor for fan QF-8 was higher than the maximum D-factors of either fans QF-6 or 
QF-9. 
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TEST FACILITY 


The QF-8 fen -was tested at the NASA quiet fen feciUty, a photograph of which ap- 
pears in figure 6(a). The fen was located on a concrete pedestal. Existii^ wind tunnel 
drive motors were used to drive the fan throi^h a gear box and drive shaft and to main- 
tain the fen speed within 0. 5 percent of the selected test speeds. The microphones in 
figure 6(a) are shown covered with plastic bags for protection against inclement weather 
between the tests. Foam treatment is shown on the portion of the drive motor buildii^ 
wall that was considered likely to cause sound reflection at the microphone locations. 
With the treated building wall, calibration tests showed that the effect of the building was 
less than 1 decibel at frequencies above 400 hertz. 

The entire test site was surfaced with asphalt. (See fig. 6(b). ) The acoustic data 
were taken with an array of 16 microphones located at the fen centerline elevation of 
5. 9 meters (19. 3 ft) on a 30. 5-meter (100-ft) radius from the fan. The microphones 
are placed at 10*^ increments from 10° to 160° from the inlet centerline. The center of 
the microphone array was located 37 meters (121 ft) from the face of the wind tunnel 
drive motor building. Data were not taken at the inlet centerline (0°) because of the 
drive shaft nor above 160° because of the high-velocity fan exhaust. Further details on 
the design of the quiet fen facility are given in reference 15 . 


Aerodynamic Data 

To obtain fan aerodynamic performance, measurements were made at fo\ir axial 
locations (fig. 3). The detailed layout of the instrumentation at each of these four meas- 
uring stations is shown in figure 7. Six equally spaced iron-constantan thermocouples 
were located on the bellmouth lip to determine the average inlet total temperature. 

These thermocouples extended about 1 centimeter (0.4 in.) from the surface to measure 
the ambient air temperature. Ten static taps were located on the outer wall of the inlet 
duct and were used for the inlet mass flow calculation using the assumptions of xmiform 
one -dimensional flow, zero total -pressure loss at the duct station, and a zero wall 
boundary -layer thickness. The location of this station was established from a potential 
flow calculation. For the inlet mass flow calculations the ambient pressure reading was 
used for total pressure. 

Four total -pressure and temperature rakes were used downstream of the stator 
blade row to determine the stage exit mass flow and mass-averaged stage total-pressure 
ratio. Iron-constantan thermocouples were used on these rakes. These rakes, one of 
which is shown in figure 8, were located nominally at 90° intervals, but displaced 
slightly to avoid a stator wake. Finally, just downstream of the nozzle exit, three 
equally spaced total-pressure rakes were used for exit momentum or thrust calculations. 
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All rakes were removed for acoustic tests. It should be noted that all aerodynamic 
instrumentation was regularly checked for malfunctions throughout the test sequence. 

The aerod 3 mamic data were recorded through a pressure multiplexii^ valve, pres- 
sure transducer, and data acquisition network. All temperatures were recorded by the 
same network, which takes one scan of aerodynamic pressures and temperatures in 
approximately 10 seconds. Nine consecutive scans were made at each data point, with 
the raw data samples arithmetically averaged and used to compute the desired flow 
parameters. Two points were taken at each test condition of speed and configuration. 
The arithmetic averages of the computed parameters are presented in this report. 

Performance parameters were corrected to standard-day conditions of a tempera- 
ture of 15° C and an atmospheric pressure of 101 325 pascals (760 mm Hg). 


Acoustic Data 

Data acquisition system . - As indicated previously, acoustic measurements were 
made outdoors. The 1. 3-centimeter (1/2-in. ) diameter condenser microphones used to 
make the noise measurements had sensitivities of -60 decibels relative to 1 volt per 
10"^ pascal (1 jubar). Frequency response of the system, as a whole, was flat from 
50 hertz to 20 kilohertz. Three samples of 100-second duration were taken for each fan 
speed point and averaged. 

The acoustic data were reduced both on line throv^h one-third-octave filters and 
recorded on magnetic tape for further analysis. Before the set of tests for each config- 
uration, a pistonphone signal was impressed on each far-field microphone for absolute 
calibration. 

One -third- octave -band analysis . - The one -third- octave -band analyzer used for on- 
line data reduction used a 4- second averaging time and stepped sequentially through the 
angles from 10° to 160°. The 4-second averaging time was selected to accommodate all 
angles within a 100-second sample while preserving analyzer repeatability. Three 100- 
second samples were taken for each data point. Options for the output of the analyzer 
included an oscilloscope, which presents the sound pressure level spectrum, a digital 
printer, and a digital incremental tape recorder. 

Results of one-third-octave band sound pressxire level (SPL) analysis 3 delded data 
taken under ambient conditions of the test day at the microphone locations. The data 
were referred back to the soimd source (i. e. , the effect of atmospheric absorption was 
removed) by computing atmospheric absorption for the test conditions over the propaga- 
tion path and adjusting the data accordingly. Atmospheric absorption was computed by 
using continuous frequency-dependent functions derived from reference 16. The appli- 
cation of procedures set forth in reference 16 were not used, as they presuppose a spec- 
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trum typical of engine jet noise. For the QF-8 results, which have significant fan noise 
as well as jet noise, the general shape of the measured spectrum was accounted for, and 
the one-third-octave band attenuations were obtained by integrating the continuous ab- 
sorption functions over each band (ref. 17). 

For power calculations the sound pressure levels were presumed to be axisym- 
metric and were integrated over an enclosing hemisphere. Implicit in this procedure 
was a perfectly reflective ground plane in the sense that acoustic intensity was doubled 
in the far field. No account was made for signal interference effects at the microphones 
because of ground reflections. 

Using data referenced to the source, calcvilations of atmospheric absorption for a 
standard day of 15° C and 70 percent relative humidity were made, and the data were so 
adjusted. All one-third-octave-band sound pressure level data reported herein are ad- 
justed to standard-day conditions. 

The perceived noise values were calculated (ref. 18) from the standard-day data. 

The perceived noise values take into consideration the frequency-dependent sensitivity 
of human hearing, thus giving an indication of the human annoyance of the fan noise . 

For the sideline perceived noise level determinations, the data were adjusted to a 152. 4- 
meter (5 00- ft) sideline. 

Narrow- band analysis . - Fine-resolution, constant-bandwidth analysis allows a de- 
tailed study of the sound pressure level spectra, which is not always possible with the 
one -third- octave analysis. Narrow-band spectra were made of selected recorded data. 
These spectra were not adjusted in any way and present the signals at the microphones 
under test-day conditions. The effective bandwidth of this analysis is inversely related 
to the total frequency range of the spectrum, with a 32-hertz bandwidth for a 10- 
kilohertz total range down to a 3. 2-hertz bandwidth corresponding to a 1-kilohertz range. 


RESULTS AND DISCUSSION 
Aerodjmamic Performance 

The quiet fan facility was designed for acoustic testing of full-scale fans suitable for 
turbofan engines. The aerodynamic instrumentation, as described, was limited to giv- 
ing an indication of the aerodsmamic performance of the fan. Consequently, the aerody- 
namic results for QF-8 are not nearly as precise as they might be if they had been ob- 
tained from a specialized aerodynamic test facility such as that of reference 6, Table in 
is a summary list of selected aerodynamic data for QF-8 for the five nozzle areas that 
were tested. 

Before going into particular measured parameters, it is useful to discuss the degree 
of certainty of these aerodynamic measurements. The results obtained using the nozzle 
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havii^ 110 percent of the theoretical design nozzle area were closest to the predicted 
design-point values of mass flow and pressxure ratio. Therefore, the results for this 
nozzle area are considered to be representative of the QF- 8 design configuration. The 
calculated design corrected inlet mass flow for QF-8 was 423 kilograms per second 
(933 Ibm/sec). The result for the 110 percent-of-design-area nozzle at design speed 
was 420 kilograms per second (927 Ibm/sec), which is essentially the predicted value. 
The design area nozzle caused the QF-8 stage to go into stall at a corrected speed just 
above 90 percent of the design speed. Therefore, the aerodynamic results for this noz- 
zle are limited to 90 percent and lower fan speeds. No acoustic data were taken with 
this nozzle because of its poor aerodynamic performance and our desire not to operate 
the fan in a region of potential stall. 

A conventional fan operating map for QF-8 is presented in figure 9. The stage total- 
pressure ratio is plotted as a function of inlet corrected mass flow to generate a series 
of constant speed curves. The model data of reference 6 were scaled for mass flow 
differences and are also presented on this map. The estimated stall line shown on the 
map is based on the full size fan with the design area nozzle stalling at slightly greater 
than 90 percent speed. The performance map of the fan shows significant differences 
compared with the model fan results. A discussion of the aerodynamic performance is 
given in appendix A. 

The overall stage pressure ratio and corrected inlet mass flow shown in figure 9 
are plotted as functions of corrected fan speed in figures 10(a) and (b). Figure 10(c) 
gives the stage adiabatic efficiency as a function of corrected fan speed. The efficiency 
results for the design area nozzle fall well below those for the larger nozzle areas. 

This is consistent with the corresponding low pressure ratio and mass flow results for 
this nozzle shown in figures 9 and 10(a) and (b). Also, the severe drop in efficiency for 
the 115 percent-of-design-area nozzle at 110 percent speed reflects the off-design 
nature of this point. In general, the higher efficiencies seem to relate to corresponding 
higher values of pressure ratio and mass flow at a particular fan speed. Efficiency 
measurements made at the full-scale quiet fan facility have consistently been about 
10 percentage points lower than corresponding measurements made at the better- 
instrumented model facility. For the QF-8 fan model the measured design- point effi- 
ciency was 0. 866, and that for full-scale QF-8 with the 110 percent-of-design-area noz- 
zle was 0. 734. There is a systematic difference between the measurements at the two 
facilities; the full-scale facility values are always below the model test values. This 
difference has been noted in other full-size and model fan comparisons. 

The corrected nozzle exit velocity as a function of inlet mass flow is provided in 
figure 11 as an aid to the reader who may wish to correlate the acoustic results with the 
fan stage exit velocity. 
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Acoustic Performance 


In the preceeding discussion on the QF- 8 fan aerod 3 niamic performance it was 
pointed out that at fan design speed the results for the 110 and 115 percent- of-design- 
area nozzles showed essentially the same stage pressure ratio (see fig. 10(a)). The 
110-percent-of-design-area nozzle results for corrected inlet mass flow (fig. 10(b)) 
were closest to the design value. But the stage adiabatic efficiency for the 115 percent- 
of-design-area nozzle (fig. 10(c)^ was about 3 percentage points higher than that meas- 
ured with the 110 percent-of-design-area nozzle. The slightly higher efficiency implies 
better fan stage operation with the larger nozzle area. Both nozzle areas resulted in 
performance suitable for use as the reference for QF-8 acoustic results. The results 
for the 110 percent-of-design-area nozzle were chosen as the base reference for the 
following discussion on the acoustic performance of the QF- 8 fan. 

A complete listing of the acoustic results for fan QF- 8 and computer plots of se- 
lected acoustic results are given in appendix B. 

Sound pressure level . - One- third- octave sound pressure level (SPL) spectra, com- 
monly used in the study of fans, are presented in figure 12 for the QF- 8 fan with the 
110-percent-of-design-area nozzle at 100 and 70 percent of fan design speeds. These 
spectra, for microphone positions at 40° and 130° from the fan inlet (figs. 12(a) and (b)), 
are representative of spectra in the front and rear quadrants. The fan spectra are 
typical, with pronounced blade-passage frequency (BPF) and first overtone (2xBPF or 
twice blade-passage frequency) spikes. At 70 percent fan speed the blade-passage fre- 
quency was located such that the passage tone was shared by two one-third-octave filters 
with both filters indicating a partial magnitude of the tone. 

Narrow band (constant bandwidth) analysis allows a more detailed study of the fan 
noise spectra. The data of figure 12 are delineated further as narrow-band (constant 
16- Hz bandwidth) spectra in figure 13. In these spectra the blade-passage tones and 
several overtones are clearly defined. As may be seen by comparing the front and rear 
quadrants at design speed (figs. 13(a) and (c)), the first and second overtones were more 
pronounced in the front quadrant. Similar results are shown in reference 3 for the QF-6 
fan. (Neither fan was designed for cutoff. ) 

These results might appear from casual observation to contradict reference 19 
where test results from four fans lead to the conclusion that interaction- tones between 
rotor and stator should be attenuated in propagating forward through the rotor blade row. 
This conclusion is supported by reference 20 where, when the overtones were clearly 
derived from rotor-stator interaction, they were stronger in the rear quadrant and at- 
tenuated in front. In view of these reference studies, it now is suggested that for the 
QF-8 fan (and QF-6) the overtones are derived from the inlet distortion known to exist in 
the test facility producing rotor-alone noises. In reference 21 it is demonstrated that 
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even a fan with cutoff (QF-1) exhibits the same behavior as QF-8; namely, the over- 
tones are larger in the front quadrant. 

The overall sound pressure level (OASPL) at each angular position is presented in 
figure 14 to give an indication of the sound pressure level directivity for QF-8. This 
directivity shifts toward the rear quadrant with increasing nozzle area, with most of the 
nozzle area effect in the front quadrant. 

Noise componen ts. - As part of the one-third-octave analysis, an attempt was made 
to separate the tone and broadband components of the fan noise. Beginning with the ac- 
tual spectrum, an assumed broadband spectrum is drawn by disregarding those data 
points thought to be influenced by the tone noise. In many cases, the tone spike was 
shared by two one-third- octave filters. The tone contribution to the SPL was found by 
performing a decibel subtraction of the assumed broadband spectrum level at each fre- 
quency from the SPL data as shown in figure 15. All tone contributions, fundamental 
and harmonic, were then added to give the total tone level. Finally, this total tone value 
was subtracted from the overall SPL for the spectrum to give the actual broadband sound 
pressure level. Had the fan operated with a rotor relative Mach number greater than 
1. 0, the possible existence of significant multiple pure tones in the noise spectra would 
have made this separation of tones much more difficult. This method of separating the 
tone and broadband components is an approximation and would be somewhat further en- 
hanced by working from a fine resolution narrow- band spectrum. However, this greater 
resolution would also greatly increase the complexity of the calculations. Hence, the 
one -third- octave spectra were deemed sufficient for this study. A further discussion of 
the use of narrow- band spectra for analyzing noise components is given in reference 22. 

Using this method of separating the tone and broadband components, the SPL spectra 
are plotted against angular position (fig. 16), providing directivity plots for these noise 
components. Figure 16 presents these component results for the theoretical design noz- 
zle area and for nozzles having 110, 115, and 119 percent of this nozzle area. As ex- 
pected both the tone and broadband SPL components generally increase in a regular man- 
ner with fan speed. The shift in maximum noise level from front to rear quadrant with 
increasing nozzle area (as noted for fig, 14) occurs for both the tone and broadband noise 
components. The 115 per cent -of -design -area nozzle configuration (fig. 16(c)) includes 
the over speed data at 110 percent fan design speed. For these results the rear quadrant 
broadband noise contribution is quite high. The reduced efficiency (see fig. 10(c)) asso- 
ciated with this overspeed point may imply more tvirbulent, hence noisier, operation of 
the fan than at the fan design speed. 

Sound power level. - The sound power level provides a useful means of presenting 
the acoustic results on a nondirectional basis. The overall soimd power levels (OAPWL) 
for QF-8 are presented as functions of rotor -tip speed in figure 17(a) and stage pressure 
ratio in figitre 17(b). In both plots the OAPWL increases with decreasing nozzle area 
for any particular fan speed or pressure ratio. The 110 percent -of -design-area nozzle 
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OAPWL results are somewhat lower than corresponding values for the 106 percent- of- 
design-area nozzle at the highest tip speeds and pressure ratios rim. The OAPWL re- 
sults as a function of tip speed (fig. 17(a)) are almost linear for each nozzle with down- 
ward deviations from linearity at the high speeds, this deviation beii^ most pronounced 
for the overspeed result for the 115 percent-of-design-area nozzle. 

The sound power level results were separated into broadband and pure tone com- 
ponents. These results given in figure 18 show the broadband power level components 
to dominate the corresponding pure-tone components. *The large rotor-stator axial 
spacing of QF -8 was expected to lower the pure tone noise component without a corre- 
sponding reduction in broadband noise. The broadband power level components are 
nearly linear with tip speed for each nozzle area. There is more scatter in the pure 
tone components. The tone power level drops for the 115 percent-of-design-area nozzle 
at the overspeed condition. This lower tone component result at the overspeed condition 
is consistent with that of the sound pressure level tone observed in figure 16(c). 

Figure 19 illustrates the relation between the overall sound power level and stage 
adiabatic efficiency, with both of these parameters plotted as functions of the nozzle 
area. As the design area nozzle was tested only for some aerodynamic results, no 
acoustic results for the design area nozzle are presented in figure 19. This figure 
shows the overall sound power level to decrease as the stage adiabatic efficiency in- 
creases - both parameters responding to increasing nozzle area. The low efficiency re- 
sult at design speed for the 119 percent-of-design-area nozzle was noted in the efficiency 
as a function of percent speed presentation of figure 10 (c) and is thought to reflect the 
off-design point character of these data. 

Reference 23 indicated that fan sound power level, normalized for thrust level, cor- 
related with 14 logjQ (fan total -pressure ratio - 1). Using the methods of reference 23, 
the sound power data of figure 19 were normalized with respect to both thrust and pres- 
sure ratio. Thrust was normalized with respect to the thrust result at design speed with 
the 110 percent-of-design-area nozzle (80 086 N (18 004 Ibf)). These normalized values 
were plotted against the -logjQ (1 - 17 ) in figure 20. A similar figure is presented in 
reference 3 in which the results were found to follow a -2 slope. The results in refer- 
ence 3 had exceptionally low scatter. A similar line of -2 slope is drawn through the 
results in figure 20. This line may be described by the relation 

PWL = 10 log. n ( + 14 log. o (PR - 1) + 20 log (1 - t)) + 179. 5 (2) 

\design thrust/ 

The QF -8 results shown in figure 20 have considerably more scatter than that of refer- 
ence 3. However, the -2 slope Hne drawn through these results is reasonable. 

Perceived noise . - The perceived noise levels are frequency weighted for human 
hearing sensitivity. Therefore, these results are of major importance in selecting a 
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fan that is suitable for operation near populated areas. In figure 21 the QF-8 perceived 
noise levels along a 152. 4-meter (500-ft) sideline are presented for the four tested noz- 
zle areas at the six fan speeds considered in this report. Consistent with sound pres- 
sure level and power level results, the perceived noise levels increase with decreasing 
nozzle area for otherwise similar conditions, and they are rear quadrant dominated. 
Figure 21(f) presents the 110 percent- of-design- speed sideline perceived noise results 
for the 115 percent-of-design-area nozzle. The rear-qiiadrant peak noise level is es- 
pecially pronounced for these overspeed data. 

This rear quadrant dominance was already observed in the broadband component of 
the so\md pressure level (fig. 16), especially, in the overspeed results of the 
115 percent-of-design-area nozzle. The marked rear quadrant increase in the broad- 
band sound pressure level in figure 16(c) is similar to perceived noise maximum of fig- 
ure 21(f). It is useful to recall that the QF-8 sound power level was clearly dominated 
by the broadband noise component (see fig. 18). 

Figures 22 and 23 present the maximum perceived noise level along a 152. 4-meter 
(500-ft) sideline as functions of corrected fan tip speed and stage pressure ratio, re- 
spectively. Figure 22 shows the maximum sideline perceived noise to increase reason- 
ably linearly with increasing rotor-tip speed. Figure 23 shows abrupt increases in 
maximum sideline perceived noise for the overspeed results of the 115 percent-of- 
design-area nozzle - relatable to the high levels observed for this point in figure 21(f). 

The maximum perceived noise level along the 152. 4-meter (500-ft) sideline at de- 
sign speed for the 110 percent-of-design-area nozzle was 108.0 PNdB. When adjusted 
for a 400 340-newton (90 000- Ibf) thrust aircraft, this maximum perceived noise be- 
comes 115 PNdB. This adjusted sideline perceived noise level is considerably above 
the maximum desired level of 95 EPNdB along a 152. 4- meter (500-ft) sideline for a 
STOL aircraft. The effective perceived noise level is a time weighting of the PNdB re- 
sults. For t 3 q)ical STOL aircraft fUght profiles, EPNdB and PNdB values may be com- 
pared, with the PNdB results being about 1 or 2 decibels higher than corresponding 
EPNdB results. Also, the fan noise is but a portion of the total aircraft noise, which 
includes noise from the engine core and aerodynamic noise. Therefore, the QF-8 fan 
contribution to the total aircraft noise must be further reduced from what would be ac- 
ceptable if it were the only contributing noise source. Accordingly, a substantial 
amount of acoustic treatment would be required on the QF- 8 fan to make it acceptable 
for use in a quiet STOL aircraft. 

The maximum fan perceived sideline noise is relatable to the stage pressure ratio 
in such a way as to generate a family of curves for fans of similar design (see, e.g. , 
ref. 23). The methods of reference 23 are used to adjust the noise level to the reference 
400 340-newton (90 000-lbf) thrust. The corrected perceived noise levels then consist of 
the measured PNdB + 10 logj^Q (400 340 N/measured thrust). Reference 23 suggests that 
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this thrust -adjusted sideline perceived noise may be approximated within a ±2-PNdB 
scatterband by the curve, 

PNL = 62.4 + 14 log^Q (PR - 1) + 10 log^^ F (3) 

where F is the thrust in pounds force. This relation is for single-stage low tip speed 
fans. Figure 24 shows the curve of equation (3) with a ±2-PNdB scatterband. The cor- 
rected full-scale QF-8 fan result falls about 3. 7 PNdB above the curve, well above the 
scatterband. The QF-8 fan data were not available in formulating the relation of equa- 
tion (3). 


Noise Comparison with QF-6 and QF-9 Fans 

The QF- 8 fan was the last of three experimental research fans with characteristics 
suitable for quiet STOL aircraft application tested at the NASA quiet fan facility. The 
results for the other two fans (QF-6 and QF-9) are reported in references 3 to 5. Also, 
reference 23 compares the results of the QF-6 fan and a number of other STOL and 
CTOL fan designs, but it does not include fan QF-8 results. Both the QF-6 and QF-9 
fans were designed for a stage pressure ratio of 1.20 (see table II). The QF-6 fan had 
42 rotor blades, and QF-9 had 15 rotor blades. The subject of this report (QF-8) was 
designed for a stage pressure ratio of 1, 25 and had 30 rotor blades. 

The results presented in this section are for the QF-6 and QF-9 fans with their de- 
sign area nozzles, which caused them to operate near design conditions of inlet mass 
flow and stage pressure ratio for these fans. As previously discussed, the nozzle for 
QF-8 having 110 percent of the design area resulted in QF-8 operating nearest to its de- 
sign inlet mass flow and stage pressixre ratio. However, the stage adiabatic efficiency 
at design speed for QF-8 with the 115 percent- of-design-area nozzle was about 3 per- 
centage points higher than the corresponding result for the 110 percent- of-design-area 
nozzle. At design speed both nozzles resulted in the same stage pressure ratio, with 
the larger nozzle giving the higher inlet mass flow. The acoustic results for the QF-8 
fan with both nozzle areas are presented for this comparison. 

Sound pressiire and power levels . - Figure 25 compares the front and rear quadrant 
sound pressure level spectra for the three fans at design speed. The microphone loca- 
tions (40° and 130° from the inlet) were the front and rear quadrant locations of maxi- 
mum noise level for all three fans. At both angular locations the QF-8 fan SPL results 
are clearly higher than those of the other two fans, with the smaller, 110 percent-of- 
design-area nozzle consistently showing the highest SPL results. Note that, from fig- 
ure 24, the higher pressure ratio of fan QF-8 (1. 25 instead of 1. 20) should account for 
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only 1. 3 decibels, or about one-third of the observed increase. The relatively low 
rotative speed (2227 rpm) and low number of rotor blades of the QF-9 fan resulted in a 
low fundamental blade-passage frequency for this fan. (The corrected rotor design 
speeds for fans QF-6 and QF-8 were 2387 and 2706 rpm. ) 

The angular distribution of the OASPL (fig. 26) shows the QF-6 and QF-9 fan re- 
sults to be essentially identical at each angular position and the QF-8 fan results to be 
essentially parallel but significantly higher. The maximum OASPL for fan QF-8 with 
the 110 percent-of-design-area nozzle is at 40° (in the front quadrant). Neglecting this 
point, the maximum OASPL for this configuration occurs at 130° (in the rear quadrant). 
The OASPL results for the larger fan QF-8 nozzle area configuration and the other two 
fans show the highest OASPL in the rear quadrant at 130°. 

The corresponding sound power level spectra are presented in figure 27. The re- 
sults are similar to those of figure 30 with the QF-8 fan results having the highest PWL. 

Figure 28 presents the overall sound power level as a function of the measured 
stage pressure ratio. At similar pressure ratios the QF-9 fan results are slightly 
higher than those for QF-6. But the QF-8 fan values for the 110 and 115 percent-of- 
design-area nozzles are significantly above those for both of the other fans except for 
the two highest pressure ratio points for the QF-9, which were above design speed. Of 
the two QF-8 fan configurations presented, the more efficient configuration (the 
115 percent-of-design-area nozzle; see fig. 10(c)) showed somewhat lower overall sound 
power levels. The overspeed results for fan QF-9 show a large increase in PWL, even- 
tually becoming slightly higher than the fan QF-8 results at a stage pressure ratio of 
about 1. 23. At this point the QF-9 fan is operating well beyond its design pressure ratio 
of 1. 20, while the QF-8 fan is below its design pressure ratio. Therefore, fan QF-9 
might be expected to be operating with excessive losses, making these overspeed PWL 
results high. Even at overspeed conditions the fan speeds were below that required to 
generate significant multiple pure tones. 

A further refinement to the results of figure 28 would be to correct the PWL levels 
for thrust differences among the fans. The measured thrust for the QF-8 fan configur- 
ations shown in figure 28 is about 80 000 newtons (17 985 Ibf) at fan design speed. Fans 
QF-6 and QF-9 indicated a thrust of about 58 000 newtons (13 039 Ibf) at design condi- 
tions. The PWL correction would then be approximated by 10 log^Q (thrust ratio), which 
is 1. 4 decibels using the design thrust values. Therefore, the QF-8 fan results in fig- 
ure 28 may be adjusted somewhat downward to account for thrust differences. None of 
the QF-8 fan results were thrust corrected in the figures presented in this report; how- 
ever, thrust correction might be expected to lower the results by about 1 decibel. 

Perceived noise . - The low number of rotor blades and the relatively low rotative 
speed of QF-9 give that fan a perceived noise advantage over the other two fans. Fig- 
ure 29 presents a one -third- octave perceived noisiness spectrum based on a 100-decibel 
SPL at all frequencies. The perceived noisiness spectrvun is weighted for human hearing 
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sensitivity, reaching a maximum in the 3000 to 4000 hertz range. In figure 29 the fre- 
quency of the fundamental blade passage tone at design speed and the first overtone 
(2XBPF) are noted. Both tones for the QF-9 fan occxu* in a region of relatively low 
weighting. The passage tones for the QF-6 and QF-8 fans occur in a region of increased 
weighting, while the first overtones for these two fans occur in the region of maximum 
perceived noise weighting. For similar overall sound pressure levels, the QF-6 and 
QF-8 fans would be expected to be more annoying to the human listener than QF-9, 

Figure 30, the angular distribution of perceived noise level along a 152. 4- meter 
(500-ft) sideline, shows the results for fan QF-6 to be somewhat higher than those for 
fan QF-9 as might be expected by the frequency locations of the tones of these two fans. 
The high SPL and PWL of fan QF- 8 are reflected in the high perceived noise levels 
shown in figure 30. All fans showed a higher perceived noise level in the rear quadrant, 
with this effect being less pronounced for fan QF-8 with the 110 percent- of-design- area 
nozzle. 

Finally, figure 31 presents the maximum perceived noise along a 152. 4-meter 
(500-ft) sideline as a function of the fan stage pressure ratio. Except at the lowest 
pressure ratios where the results tend to merge, the QF-6 fan was about 2 PNdB noisier 
than QF-9 at comparable pressure ratios. With the 110 percent- of-design- area nozzle, 
the QF-8 fan was about 5 PNdB noisier than fan QF-6 at these pressure ratios. Again, 
the results for QF-8 with the 115 percent- of-design-area nozzle were somewhat lower 
than corresponding results with the smaller nozzle area. If the results of the QF-8 fan 
with the larger nozzle area were reduced for thrust correction, they would be about 
4 PNdB above the QF-6 fan results in figure 31. The overspeed results for the QF-8 fan 
with the 115 percent- of-design-area nozzle and for the QF-9 fan show an increase in 
perceived noise. These over speed results are for off-design operation and might be 
expected to have excessive noise levels. 

Throughout this comparison, it is apparent that QF-8 is noisier in all respects than 
the other two fans. The rotor-tip speed, thrust, and corrected inlet mass flow are 
somewhat higher for the QF-8 fan than for the other two fans, which (see table II) may 
have some Influence on the noise generation. However, as developed in detail in appen- 
dix A, it appears that the relative increase in noise for QF-8 compared with the QF-6 
and QF-9 fans may be associated with a poorer aerod 3 mamic performance for the QF-8 
fan. The poorer aerodynamic performance of QF-8 was characterized by poorer-than- 
design total-pressure ratios in the outer passage and by large circumferential variations 
in total-pressure ratios at the stator outlet. 


SUMMARY OF RESULTS 

A 1.25 pressure ratio, 1. 83-meter (6-ft) diameter experimental fan stage, desig- 
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nated QF-8, with characteristics suitable for STOL externally blown flap aircraft engine 
application was tested for acoustic and aerodynamic performance. The design incor- 
porated features for low noise, including absence of inlet guide vanes, relatively low 
rotor-blade-tip speed, low aerodynamic blade loading, and long axial spacing between 
the rotor and stator blade rows. 

The QF-8 fan stage was run through an operating range controlled by nozzles having 
100, 106, 110, 115, and 119 percent of the calculated design nozzle area. The principal 
results of this investigation were as follows: 

1. The QF-8 fan was the last of three research fans with characteristics suitable 
for application to quiet STOL aircraft engines tested at the NASA quiet fan facility. The 
QF-8 fan acoustic results were compared with those for two other fans (QF-6 and QF-9), 
which had design stage pressure ratios of 1.2. Fan QF-8 had significantly higher sound 
pressure, sound power, and perceived noise levels than the other two fans. The rela- 
tively higher noise level for fan QF-8 was speculated to be associated with its poorer 
aerod 3 mamic performance in the full-scale facility compared with the other two fans. 

2. At design speed and with the 110 percent- of- design-area nozzle, the measured 

overall sound power level for fan QF-8 was 158. 9 decibels (referenced to 10 W). 

Along a 152. 4-meter (500- ft) sideline, the maximum perceived noise level was 

108 PNdB. When adjusted to a thrust of 400 340 newtons (90 000 Ibf) (for a conceptual 
STOL aircraft), the perceived noise level becomes 115 perceived noise decibels. This 
is well above a total STOL aircraft 152. 4-meter (500-ft) sideline noise goal of 95 effec- 
tive perceived noise decibels, impl 3 dng that acoustic treatment is required on fan QF-8 
to make it acceptable for quiet STOL application. 

3. The one-third-octave and narrow-band (constant 16- Hz bandwidth) sound pres- 
sure level spectra of QF-8 were typical of single-stage, low speed fans. Both blade- 
passage tones and overtones were pronounced in these spectra. Because the rotor-tip 
relative inlet Mach number was somewhat below unity at design speed, no significant 
multiple-pure-tone generation was observed over the operating range. The sovind 
power levels and perceived noise levels increased in a regular manner with fan speed. 

At any speed the noise levels were generally highest with the smallest nozzle, and de- 
creased with increasing nozzle area. The perceived noise along a 152. 4-meter (500-ft) 
sideline was clearly rear quadrant dominated at all speeds. 

4. The one-third-octave spectra were used to separate the broadband and pvire tone 
components of the fan noise. Both components of the sound power level showed a gen- 
eral shift in the maximum noise level from the front to the rear quadrant with increas- 
ing fan speed. The broadband components of the sound power level were somewhat 
higher than the corresponding pure tone components, thus implying that broadband noise 
controls the overall noise levels for fan QF-8. 
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5. Corrected inlet mass flow and pressure ratio results indicated that the 

110 percent- of-design-area nozzle produced an operating point closest to design. With 
this nozzle area and at design speed, the measured corrected inlet mass flow and stage 
pressure ratio were 420 kilograms per second (927 Ibm/sec) and 1.230. The theoretical 
design mass flow was 423 kilograms per second (933 Ibm/sec). Although it was below 
the design stage pressure ratio of 1. 25, the value of 1. 23 was the highest observed for 
any nozzle area tested on QF-8 at design speed. In general, the stage adiabatic effi- 
ciency increased with increasing nozzle area. However, the efficiencies dropped con- 
siderably at highly off- design points represented by the 119 per cent- of- design- area 
nozzle at design speed and the 115 percent-of-design-area nozzle at 110 percent speed. 

6. The overall aerod 3 mamic performance of the full-scale QF-8 fan differed sig- 
nificantly from the corresponding results of the 50. 8-cm (20- in. ) rotor-tip diameter 
model of QF-8 and the design values. The QF-8 fan went into stall prematurely at 
slightly greater than 90 percent of design speed with the design area nozzle. In general, 
the poor aerodynamic performance of the full-scale fan QF-8 was characterized by 
poorer-than-design total pressure ratio in the outer passage and by large circumferen- 
tial variations in total pressure ratio at the stator outlet. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, September 5, 1975, 

505-03. 
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TABLE I. - QF-8 DESIGN CHARACTERISTICS 


Total pressure ratio: 

Rotor 1.270 

Overall stage 1.251 

Corrected inlet mass flow, kg/sec (Ibm/sec) 423 (933) 

Corrected specific inlet flow, kg/sec* m^ (Ibm/sec- ft^) .... 194.4 (39.8) 
Adiabatic temperature rise efficiency: 

Rotor 0. 953 

Stage 0. 889 

Corrected rotor inlet tip speed, m/sec (ft/sec) 257. 6 (845) 

Rotor inlet tip diameter, m (in. ) 1. 819 (71. 6) 

Corrected rotor speed, rpm 2705.6 

Inlet hub-tip diameter ratio: 

Rotor 0. 402 

Stator 0.421 

Head rise coefficient: 

Rotor 0.308 

Stage 0.288 

Rotor work coefficient 0. 322 

Input shaft power, kW (hp) 9074 (12 172) 

Stage thrust, N (Ibf) 82 939 (18 647) 

Rotor D- factors: 

Hub 0.319 

Tip 0.341 

Maximum 0. 447 

Stator D- factors: 

Hub 0. 546 

Tip . 0.309 

Maximum 0. 546 

Mean radius rotor-stator spacing, rotor chords 4. 0 

Number of blades : 

Rotor 30 

Stator 34 

Blade-passage frequency, Hz 1353 
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TABLE n. - COMPARISON OF SELECTED DESIGN PARAMETERS OF QF-6, QF-8, AND QF-9 

(a) Aerodynamic design parameters 


Fan 

Overall 

Rotor- stator 

Corrected inlet mass flow 

Corrected rotor tip speed 

Corrected thrust 


total- 

pressure 

separation, 
mean rotor 

kg/sec 

Ibm/sec 

m/sec 

ft/sec 

N 

Ibf 


ratio 

chords 







QF-6 

1.20 

4.0 

396 

873 

229 

750 

70 415 

15 830 

QF-8 

1.25 

4.0 

423 

933 

258 

845 

82 939 

18 647 

QF-9 

1.20 

2.0 

403 

889 

213 

700 

71 705 

16 120 


(b) Blade design parameters 


Fan 

Element 

Number 

of 

blades 

Solidity 

D- factor 

Mean 

aspect 

ratio 

Rotor inlet 
hub- tip 
radius 
ratio 

Tip rela- 
tive inlet 
Mach 
number 

Mean aerody- 
namic chord 

Hub 

Tip 

Hub 

Maxi- 

mum 

Tip 

cm 

in. 

QF-6 

Rotor 

42 

2. 827 

1.188 

0.151 

0.386 

0.357 

3.08 

0. 416 

0.878 

16.31 

6.42 


Stator 

50 

1.752 

1.000 

.417 

.417 

.301 

3.46 



11.72 

4.61 

QF-8 

Rotor 

30 

2.333 

1.000 

.319 

.447 

.341 

2.95 

.402 

.921 

18. 44 

7.26 


Stator 

34 

2.591 

1.150 

.546 

.546 

.309 

2.75 



18.31 

7.21 

QF-9 

Rotor 

15 

1.219 

.893 

.530 

.530 

.431 

1.70 

.460 

. 865 

27.73 

10.92 


Stator 

11 

1.406 

.714 

.512 

.512 

.363 

1.23 



38.11 

15.00 
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TABLE m. - SELECTED AERODYNAMIC RESULTS 


Nozzle area, 

Percent of 

Corrected 

Corrected tip speed 

Inlet 

Stage 

Corrected mass flow 

percent of 
design 

design 

speed 

fan 

speed, 

m/sec 

ft/sec 

duct 

Mach 

pressure 

ratio 

Inlet 

Stator discharge 



rpm 



number 


kg/sec 

Ibm/sec 

kg/sec 

Ibm/sec 

100 

60 

1628 

155 

509 

0.215 

1.072 

229 

505 

235 

519 


70 

1899 

181 

593 

.250 

1.097 

264 

583 

273 

601 


80 

2168 

206 

677 

.286 

1. 126 

299 

659 

310 

684 


90 

2438 

232 

762 

.321 

1.157 

332 

731 

344 

759 

106 

70 

1902 

181 

594 

0.274 

1.106 

287 

633 

302 

666 


80 

2167 

206 

677 

.314 

1. 138 

325 

716 

342 

754 


90 

2442 

233 

763 

.358 

1.175 

364 

802 

381 

840 


100 

2705 

258 

845 

.408 

1.221 

406 

894 

422 

930 

110 

70 

1899 

181 



1.105 

292 

644 

298 

657 


80 

2170 

207 



1.138 

333 

734 

340 

750 


90 

2441 

232 



1.180 

375 

827 

400 

881 


100 

2712 

258 



1.230 

420 

927 

438 

965 

115 

70 


181 



1.107 

310 

683 

330 

728 


80 


206 



1.141 

352 

777 

376 



90 


233 



1.184 

397 

875 

425 

936 


100 


258 



1.230 

440 

969 

465 



110 


283 



1.245 

458 

1009 

470 

1036 

119 

70 

1898 

181 

593 

0.322 

1.107 

332 

732 

355 

782 


80 

2171 

207 

678 

.373 

1.140 

376 

830 

401 

885 


90 

2440 

232 

762 

.428 

1.181 

421 

929 

450 

992 


100 

2711 

258 

847 

.475 

1.215 

456 

1005 

480 

1058 
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measurement: 

I 



Figure 3. - QF-8 fan assembly cross section showing axial location of measurement. (Station numbers are in cm (in. ). ) 



(a) Full-scale QF-8 flow passage with straight inner contour. Outer 
radius downstream of stator exit is increased to compensate for 
support pylon blockage. 



tours. 



(c) Conventional fan flow passage in engine configuration (conver- 
gence on inner contour). 
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Figure 4. - Comparison of QF-8 fan and conventional flow passage 
contours. 
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(a) Test site showing QF-8 in place. 


Microphones 



(b) Plan view. (All dimensions are in m (ft). ) 
Figure 6. - Quiet fan acoustic test facility. 
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stage total-oressurc ratio 


Figure 8. - Total temperature and pressure rake used at stator discharge measuring station. 
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Corrected inlet mass flow, lb m/ sec 

Figure 9. - QF8 fan operating map. 
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1100 



Corrected inlet mass flow, fbm/sec 



(a) Overall stage pressure ratio. 



Corrected fan speed, percent of design 


(b) Corrected inlet mass flow. 

Figure 10. - QF-8 fan aerodynamic performance parameters as function of corrected fan speed. 
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percent of 
design 




Corrected fan speed, percent of design 
(c) Stage adiabatic efficiency. 

Figure 10. - Concluded. 



Corrected inlet mass flow, kgfsec 



Corrected inlet mass flow. Ibm/sec 

QF-8 fan average corrected nozzle-exit velocity as function of corrected inlet mass flow 
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frequency (BPF) 





J L_ i I 1 1 I 1 j I I 1 

(a) Front quadrant (4oP from inlet); fan speed. 100 percent of design. 
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(b) Front quadrant (4oP from inlet); fan speed, 70 percent of design. 



(c) Rear quadrant (130P from inlet); fan speed, 100 percent of design. 
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(d) Rear quadrant (130° from inlet); fan speed, 70 percent of design. 

Figure 13. - QF-8 fan narrow-band (Ifr-Hz bandwidth) spectra. Nozzle area. 110 percent of design; microphone d is 
tance from fan inlet. 30.5-meter (100- ft) radius. 
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Figure 14. - QF-8 fan overall sound pressure level as function of microphone angular posi- 
tion; design speed. 




Data SPL, 

Broadband, 

Tone, 


dB 

dB 

dB 

Fundamental 

r 106.6 

92.7 

106.4 

passing tone 

1 96.9 

93.3 

93.9 

First overtone 

101.3 

94.7 

100.2 

Second overtone 

96.9 

95.0 

96.5 


Overall tone contribution, 107. 9 dB 
Total OASPL, 109. 9 dB 

OASPl^roadband = OASP^o,3, - OASP^one = W5.6 dB 
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frequency IBPF), 
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Figure 15. - Separated pure tone and broadband sound pressure 
and power levels in one-third-octave spectra. Nozzle area, 

115 percent of design; fan speed, 100 percent of design. 
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Corrected tip speed, ft /sec 
(a) Corrected tip speed. 

Figure 17. - QF-8 fan overall sound power level as function of corrected tip speed and stage pressure ratio. 
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Figure 18. - Fan speed effect on sound power noise components. 
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Rgure 22. - Overall sound power level as function of corrected tip speed. Figure 23. ~ QF-8 fan maximum perceived noise level along 152.4 

meter (500- ft) sideline as function of stage pressure ratio. 



Stage pressure ratio 


Figure 24. - Unsuppressed fan noise for single stage at low 
speed. Takeoff thrust, 400 400 newtons (90 000 Ibf); side- 
line distance. 304.8 meters (1000 ft). 








Frequency, Hz 

Figure 29. - One- third-octave perceived noise leveis for 100-decibeI {ref. 2x10"^ Pa) sound 
pressure level at each frequency. 



Angle from inlet centerline, deg 


Figure 30. - Perceived noise level on 152. 4- meter {500-ft) sideline at fan design speed. 



Stage pressure ratio 


Figure 31. - Comparison of maximum perceived noise 
levels along 152.4-meter {500-ft) sideline as function 
of pressure ratio. 


APPENDIX A 


AERODYNAMIC COMPARISON OF QF-6, QF-8, AND QF-9 FANS 

As indicated previously, the aerodynamic results for fan QF- 8 were not in good 
agreement with the corresponding results for the 50. 8-centimeter (20-in. ) rotor-tip 
diameter QF-8 fan model, nor with the predicted design performance. The fan operat- 
ing map (fig. 9) clearly shows some of the differences in corresponding aerodynamic 
results for the full-size and model fans. Also, the noise level of QF-8 was higher than 
the fan noise levels of QF-6 and QF-9 (figs. 25 to 31). These noise level differences 
may relate to differences in the aerod 3 mamic performances of these fans. The aerody- 
namic performance of these three fans is explored in this appendix in an attempt to de- 
termine differences in the fan designs that may have contributed to these performance 
differences. 


Fan QF- 8 Results 

Each fan had four total pressure rakes at the stator discharge measuring station 
(see fig. 7). Figure 32 presents the outer-wall circumferential static-pressure distri- 
bution and the radial total-pressure ratio distribution at the stator discharge measuring 
station for QF- 8 operating at design speed. 

The circumferential static-pressure distribution results for all tested nozzle areas 
show a pronounced static-pressure rise at the station adjacent to the pylon in the region 
of rake B. This peak static- pressure location was different for the QF-6 and QF-9 fan 
results, as will be discussed shortly. 

Total pressure at stator exit . - The fan QF- 8 stator exit total- pressure results 
showed large rake-to-rake differences. Also, all rakes showed a local low total pres- 
sure in the outer region of the passage. This poor tip flow probably contributed to the 
premature stall observed with the design area nozzle at design speed. 

The fan QF-8 total-pressure-ratio stator-discharge radial distributions showed the 
greatest variation for the 106 percent-of-design-area nozzle (fig. 32(a)). Rakes C and 
D showed the lowest pressure ratios. Rake C was adjacent to the pylon. Rake B, which 
was adjacent to the pylon on the other side showed the highest total -pressure ratio. In- 
creasing the nozzle area to 110 percent of design (fig. 32(b)) resulted in improved per- 
formance at the rakes C and D, with the rake D location essentially in agreement with 
the rake A and B locations. The pressure ratios nearest the rake C region of the pylon 
have noticeably improved with this nozzle area. Finally, with the 119 percent-of- 
design-area nozzle (fig. 32(c)) the rake D position pressiire ratio sharply falls off 
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toward the hub, a region which showed good results for nozzle areas closer to design. 

In figure 32 a location about 64 percent of the span from the hub had the greatest 
rake-to-rake total- pressure- ratio variation. The total- pressure-ratio results for the 
four rakes at this 64-percent-span location are plotted as a function of percent of fan 
design speed on fig\ire 33. These results are for the 110 percent- of-design-area nozzle. 
At all investigated speeds rake D results were considerably below those for rakes A and 
B, and a consistent separation was observed. These trends indicate that stator wake 
interference is not likely to be the cause of the reduced pressure measurement in the 
outer passage. 

The average stator-discharge total-pressure distributions at design speed for the 
full-scale QF-8 fan and the 50. 8-centimeter (20- in. ) rotor-tip diameter model of fan 
QF-8 are compared with the design profile in figure 34. Except for a falloff in pressure 
ratio near the inner and outer wall, the model results agree well with the design. The 
full-scale results, however, show a marked deviation from the design. Near midspan 
the averaged results of the QF-8 fan are somewhat above design followed by a rapid loss 
of averaged total -pressure ratio toward the tip region. There is little difference be- 
tween the 110 and 115 percent-of -design -area nozzle results. 

Total pressure at nozzle ex it. - The QF-8 fan total-pressure- ratio radial distribu- 
tion at the nozzle discharge (nozzle discharge profiles are shown in fig. 35) for the 110 
and 115 percent- of-design-area nozzles. As with the stator outlet, the agreement of the 
results of the three nozzle discharge rakes improves with the increased nozzle area. 
Although there are still rake-to-rake total-pressure differences at the nozzle exit, the 
differences are less than those observed at the stator exit, especially near the tip re- 
gion where there is less dropoff in the total pressure. This shows a re -energization of 
the outer wall boundary layer downstream of the stator. It is not known whether the tip 
region total -pressure defect at the stator exit measuring station is the result of poor 
stator flow or flow separation from the duct outer wall downstream of the stator. 


Fan QF-6 Results 

The stator discharge total- and static-pressure-ratio variations are presented in 
figure 36. Unlike fan QF-8, which had a static pressure peak near the rake B region of 
the support pylon, the fan QF-6 results show a peak near the other side of the pylon for 
all tested nozzle areas. This may relate to differences in the turning of the exit flow 
from the stators of these two fans. 

Pressure at stator exit . - The stator discharge total-pressure ratio profiles for the 
QF-6 fan also show rake-to-rake variations, with the largest differences occurring for 
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the 95 percent-of -design-area nozzle. The scatter of figure 36(a) reflects the large 
departure from design operation as fan QF-6 with the 90 percent-of-design-area nozzle 
went into a stall at about 80 percent of design speed. The total- pressure- ratio radial 
profiles smooth out with the design area nozzle results (fig. 36(b)) and the 105 percent- 
of-design area results (fig. 36(c)). With the 105 percent-of-design-area nozzle, the 
results for rake A, which is well removed from the pylon, show a relatively constant 
level except for dropoffs at the hub and tip. 

‘ The rake-to-rake variations in stator-exit total- pressure ratio for the QF-6 fan are 

considerably less than those observed for fan QF- 8 over the entire range of nozzle 

* areas. For QF-8 the rake C results typically had the lowest values. The QF-6 fan re- 
sults show rake C to be performing as well as or better than the other stator discharge 
rakes. 

Average stator discharge total-pressure-ratio profiles for design nozzle area and 
design fan speed operation of the full-scale QF-6 fan and the 50. 8-centimeter (20- in. ) 
rotor-tip diameter QF-6 fan model are compared with the design profile in figure 37. 
The design profile and the fan results are in good agreement from the hub to about mid- 
span. Toward the tip region both full-scale and model results begin to dropoff. How- 
ever, the full-scale fan QF-6 results are in much better agreement with the design 
values than the corresponding comparison of fan QF- 8. 

Total pressure at nozzle exit . - The nozzle discharge total-pressure-ratio radial 
distribution results for fan QF-6 at design speed are presented in figure 38 for the de- 
sign area nozzle and for the 105 percent-of-design-area nozzle. The profiles show 
relatively small rake-to-rake variations consistent with those observed for the corre- 
sponding stator-exit cases. Also, an expected boundary- layer- related dropoff near the 
tip and hub regions is observed with this fan. 


Fan QF-9 Results 

The stator discharge static- and total- pressure-ratio distributions for the QF-9 fan 
are presented for the 92, 95, 100, and 105 percent-of-design-area nozzle results in fig- 
ure 39. Similar to the fan QF-6 results, the QF-9 fan stator discharge static pressures 
show a high value near the rake C side of the pylon. The rise in static pressure across 
the pylon is the largest for this fen. 

Total pressure at st a tor exit . - Like fan QF-6, the maximum pressvure ratio results 
for QF-9 are measured by rake C, which is near the pylon. These results show the 
least rake-to-rake total -pressure -ratio differences of the three fans at the stator dis- 
charge measuring station. 

Average stator discharge total-pressure-ratio radial profiles for the full-scale and 
the 50. 8-centimeter (20-in. ) rotor-tip diameter model QF-9 are compared with the 
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design profile for this fan in figure 40. The full-size and model results are in good 
agreement except for the data point nearest the tip, where the model result is consid- 
ered to be in error and may be disregarded. The measured total-pressure profiles are 
similar to the design profile but fall somewhat below the design values over most of the 
passage height. 

Total pressure at nozzle e xit. - The nozzle discharge total-presstire-ratio radial 
distribution for QF-9 at design speed and design nozzle area is presented in figure 41. 
The fan QF-9 nozzle-exit rakes were not sufficiently loi^ to measure the flow nearest 
the hub region. Otherwise, the nozzle-exit distributions are consistent with the stator- 
exit variations and the expected tip region reduction in pressure ratio. 


Summary of Results 

The preceding comparison of measured total-pressure distributions at the stator 
and nozzle exits of fans QF-6, QF-8, and QF-9 revealed a number of significant differ- 
ences in the aerodynamic performance of QF-8 compared with QF-6 and QF-9. The 
QF-8 had substantially larger circumferential variations, a relatively large defect in 
total pressure in the outer portion of the flow passage at the stator-exit measuring sta- 
tion and a greater deviation from both design and scale-model performance. Consider- 
able effort was made to investigate possible reasons for these differences in aerodynamic 
performance. The rotor and stator blades of both the full-scale and model fans were 
carefully checked and found to be correct in profile and setting angle in accordance with 
the fan design specifications. It was also determined that instrumentation malfunction or 
improper data sampling or transmission were imlikely causes. Flow passage and inflow 
differences were then explored. 


Flow Path 

The stator-exit flow of all full-scale fans tested at the quiet fan facility is partially 
blocked by a large support pylon (see fig. 4). The presence of the pylon necessitated 
flow contour adjustments in this region to compensate for the pylon blockage. In addi- 
tion, the low-noise desirability of maximizing the rotor-stator spacing to about 4 rotor 
mean aerodynamic chord lengths resulted in compromising the axial spacing between the 
stator vanes and the pylon. 

Figure 42 presents a comparison of the fan stage flow paths for fans QF-6, QF-8, 
and QF-9. The relatively short rotor and stator chord lengths of fan QF-6 (see table in 
p. 24) allowed a desirable rotor -stator axial separation and stator -pylon axial 
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separation as shown in figure 42(a). The fan QF-8 stator -pylon separation, (fig. 42(b)) 
is very close. Also, the design restriction on fan QF-8 to maintain a straight inner flow 
path contour necessitated an abrupt circumferential increase in the outer flow path radius 
downstream of the stator to compensate for the pylon blockage. Although the pylon 
blockage is restricted to the bottom region of the flow passage, the flow passage contour 
correction was applied symmetrically, with a resulting flow redistribution in this 
region. 

The flow path cross section of fan QF-9 (fig. 57(c)) is similar to that of fan QF-6 
with the pylon blockage compensated for on the inner flow path. The large chord lengths 
of fan QF-9 again resulted in close stator-pylon axial separation. This stator-pylon 
separation expressed as the ratio of the separation distance divided by the mean aero- 
dsmamic stator chord length was 2.39, 0.42, and 0.22, respectively, for fans QF-6, 
QF-8, and QF-9. 

Figure 43(a) shows the unwrapped outer flow surface for fans QF-6, QF-8, and 
QF-9. The locations of the stator-exit and nozzle-exit total-pressure rakes and the 
stator-exit outer wall static taps adjacent to the pylon are shown for each fan. Fig- 
ure 43(b) presents the unwrapped inner or hub flow surfaces for the three fans. Since 
the pylon is of constant cross section at all radial positions, the relative blockage due 
to the pylon is more severe at the hub than at the tip. Also, the stator-exit and nozzle- 
exit total-pressure rakes are relatively closer to the pylon in the hub region than they 
are in the tip region. 

The stator trailing edge -to- rake distance divided by the stator mean aerodynamic 
chord values for fans QF-6, QF-8, and QF-9, respectively, are approximately 3. 0, 

1. 8, and 0. 9. Since the actual stator trailing edge-to-rake distances are nearly the 
same for all three fans, the ratio values primarily reflect the stator chord lengths of the 
fans. In view of these large separation ratios, it is highly unlikely that stator-wake 
trough effects would be experienced in the total-pressure-rake measurements for any 
of these fans. 

A second possibility is for flow separation from the pylon to affect the stator dis- 
charge rake measurements in fan QF-8. However, this possibility is precluded by the 
distances of the pressure rakes from the pylon near the outer wall, although some effect 
might be possible towards the inner wall of the flow passage. However, low total- 
pressure readings near the hub are not a problem for the QF-8 fan. The wall static tap 
locations were somewhat closer to the support pylon than the total-pressure rakes at the 
outer wall. These taps near the pylon would be expected to be influenced by the flow 
around the pylon, especially if the discharge from the stators was not axial. 

Because of the proximity of the fan QF-8 stator vanes to the pylon (see fig. 43), 
some of the vane flow passages nearest to the pylon may have been effectively blocked 
with resulting adverse flow distributions on adjacent vanes. The high mass flow and low 
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stator spacing of fan QF-8 may have further aggravated this problem. Stator vane chan- 
nel blockage, which may be an especially important consideration for fan QF-8, is even 
more likely near the hub (fig. 43(b)). 

Although fan QF-9 also had a small stator -pylon spacing, several factors in its de- 
sign tend to reduce the impact of this condition. Fan QF-9 had only 11 stator vanes 
(compared with the 34 vanes of fan QF-8); hence, the intervane flow passages were much 
larger with a reduced likelihood of propagating blockage effects from the pylon. Also, 
the long stator chords of fan QF-9 would tend to stabilize the flow, again reducing the 
disturbance effects of the downstream conditions. 

Fan QF-6 had a stator spacing between that of fans QF-8 and QF-9. In addition, 
the stator-pylon separation of fan QF-6 was considerably greater than that of the other 
two fans; so any local stator blockage problem due to the proximity of the pylon would 
be expected to be less than that for the QF-8 fan. 


Inlet Flow 

The quiet fan facility in which the QF-6, QF-8, and QF-9 fans were tested has inlet- 
flow distortions that can cause disturbances of the flow through the fan stage as well as 
increased rotor tone noise. An in-depth discussion of possible inlet distortion effects 
is given in reference 21. As a check of possible differences in the incoming flow to the 
fans, the circumferential distribution of the inlet static pressure ratios for fans QF-6, 
QF-8, and QF-9 is plotted in fig\rre 44. The incoming flow for all fans appears to be 
reasonably imiform, with the different pressure ratios for the fans relatir^ to differ- 
ences in inlet mass flow between designs, and for different nozzle areas. It is believed, 
therefore, on the basis of the available instrumentation, that there is no substantial dif- 
ference in inflow conditions for QF-8, compared with fans QF-6 and QF-9, that might 
contribute to the observed large flow nonuniformities at the outlet of the fan QF-8 stage. 


Conclusions 

It is strongly suspected that the higher noise level of the QF-8 fan, compared with 
fans QF-6 and QF-9, is associated with the large degree of circumferential flow non- 
uniformity and the indicated outer-wall flow separation (total-pressure defect in outer 
passage) downstream of the stator in the QF-8 fan. Although the reasons for the rela- 
tively poor aerod37namic performance of fan QF-8 are not known, it is suspected that the 
proximity of the stators to the fan pylon and the relatively sharp expansion of the outer 
wall contour immediately downstream of the stator may have been major contributors. 
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Total-pressure ratio, P2/PQ Static-pressure ratio 









Total-pressure ratio, P2/P0 Static-pressure ratio, Total -pressure ratio, P2/P0 Static pressure ratio 
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Figure 37. - QF-6 fan average total-pressure radial distribution at stator- exit 
measuring station. Design speed; nozzle area, 100 percent of design. 



Figure 38. - QF-6 fan total-pressure radial distribution at nozzle-exit measuring station; design speed. 
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Total-pressure ratio, Po/Pn Static-pressure ratio, P^/P, 


1.06 


1,04, 



Static-pressure tap locations, deg 


(a-1) Static-pressure distribution. (b-1) Static-pressure distribution. 



Percent of flow passage height 

(a-2) Total-pressure distribution. (b-2) Total-pressure radial distribution. 


(a) 92 Percent-of-design-area nozzle. (b) 95 Percent-of-design-area nozzle. 

Figure 39. - QF-9fan pressure distributions at stator-exit measuring station; design speed. (See fig. 7. ) 
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Figure 40. - QF- 9 fan average tota (-pressure radial distri- 
bution at stator-exit measuring station. Design speed; 
design area nozzle. 



Figure 41. - QF-9 fan total-pressure radial distribution 
at nozzle-exit measuring station. Design speed; take- 
off nozzle area. 
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4 — 


Measuring 

stations: 




(b) QF-8. 



Rgure 42. - Comparison of cross sections of QF-6, QF-8, and QF-9 fan flow paths. (All dimen- 
sions are in cm (in. ). ) 
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(a) Inner surface. (b) Outer surface. 

Figure 43. - Location of pylon, fan instrumentation, and stator vanes on unwrapped flow surface (view, toward hub). 
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Figure 44. - inlet static-pressure distribution; design speed. 
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APPENDIX B 


QF-8 ACOUSTIC DATA 

This appendix contains data tables and plots of the QF-8 acoustic data. Tables IV 
to Vn show the data. Figure 45 presents the one -third -octave sound power level spectra 
at 70, 80, 90, 95, and 100 percent design speed for each nozzle area configuration. 
Figure 46 presents the overall soTind power as a function of speed. Figure 47 presents 
the overall sound pressure level as a function of angle on a 30. 5-meter (100-ft) radius. 
Figure 48 presents the perceived noise on a 30. 5 -meter (100-ft) radius. Figures 49 to 
52 present the one -third -octave soxmd pressure level spectra for all rim speeds and con- 
figurations tested at each angle from 10° to 160° on a 30. 5-meter (100-ft) radius. 
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TABLE IV, - ACOUSTIC BATA FOR STOL QF-8 FAN WITH 106 PER CENT- OF-DESIGN -AREA NOZZLE 

[Data adjusted to standard day of 15^ C and TO percent relative humidity; SPL referenced to 2xl0”5 pa; PWL referenced 
to 0.1 pW.] 

(a) TO Percent speed; fan physical speed, 1845 rpm 
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TABLE IV 


Continued 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2x10 5 Pa; PWL referenced 
to 0.1 pWj 

(h) 80 Percent speed; fan physical speed, 2109 rpm 
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Continued. 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2xl0“5 Pa; PWL referenced 
to 0.1 pW.] 

(c) 90 Percent speed; fan physical speed, 23T3 rpm 
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64*0 

83.4 

83*5 

84.0 

82.9 

83.4 

130.6 

?0G 

8!».3 

88.8 

86.3 

83.5 

7b . 3 

80*0 

78. 8 

79.5 

79.6 

80.8 

82.0 

83.0 

64.6 

64.8 

84*3 

82*2 

82.9 

130.3 

?50 

SI •/ 

Si .5 

BS.S 

fel.S 

83.0 

BS.S 

82. 7 

82*7 

83. 7 

85.S 

86*0 

87.6 

87.9 

66.7 

64*5 

83*1 

86*2 

133.6 

315 

s/.o 

91.7 

90. e 

89.0 

tiS.2 

86*3 

8S.8 

8S.3 

85.5 

86.6 

8 7. 7 

88.1 

69.0 

87.7 

85.5 

83.1 

87.4 

134.8 

<»0C 

SA.l 

93./ 

92.7 

89.6 

85. 9 

8 7.6 

86.2 

86. 7 

87. 7 

89*6 

91.2 

91.5 

90.9 

69.2 

85.7 

84.4 

69.6 

137.0 

bOG 

s^.s 

95.1 

9S. 1 

91.9 

87. 1 

68. I 

8b. 1 

8 7.9 

39 .4 

9L.I 

92*6 

92.7 

92.6 

89.7 

86.6 

84.8 

91.0 

138.4 

630 

S<(.5 

9S.8 

95.8 

9m. 0 

89.5 

90.5 

89.3 

89.7 

91.7 

93.2 

93.5 

93.9 

94.5 

91.0 

68.2 

86.5 

92.5 

139.9 

riUO 

S5.<i 

95.8 

95.9 

9S.S 

90. 1 

91.9 

9 l.S 

92.3 

93. S 

94. 9 

96.1 

97.0 

97.6 

93.8 

90.6 

89.2 

94.5 

141.9 

1)00 

SV.3 

98. / 

98. 5 

98. 0 

95.2 

9 7.2 

9 7.0 

9S. 5 

95. 7 

96.5 

98.2 

96.9 

99.0 

95.5 

92.0 

91*6 

97.2 

144.6 

i/50 

ICS.) 

1 J6.8 

105.6 

lOe.d 

1U5. 1 

107.1 

107.6 

1U1.8 

10 1.6 

101.8 

lOs.5 

103*6 

104. 1 

101.3 

96.6 

97.9 

104.7 

152.1 

1600 

S7.8 

98.3 

9 8.6 

S l.S 

93.6 

9S.S 

93.3 

93*9 

95.8 

97.1 

99.3 

99. 7 

100*4 

95.9 

92.8 

91.3 

97.2 

144.6 

/noo 

S8.5 

lUO./ 

101.5 

99. S 

95.0 

95.7 

9S.2 

9S.5 

96. 2 

98.2 

99.7 

100.5 

100*9 

96.7 

92*4 

91.1 

98.3 

145.7 

/bOO 

ICl .1 

103.1 

lOS. 1 

102.6 

98.8 

99.6 

97.1 

97. S 

98. I 

99.2 

100. 1 

101.5 

102.1 

97.7 

93.9 

92.3 

100.4 

147.8 

3150 

SS.8 

101.3 

lOl.S 

lOC.S 

Sb. 1 

97.1 

9S.6 

95.6 

96.3 

98.6 

99.8 

10 0.1 

100.6 

96.3 

92.3 

90*2 

98.9 

146.3 

^000 

ss.u 

100.0 

99.6 

iOi.U 

9 5.5 

9 6*6 

96* 3 

93*8 

94. 3 

97.6 

98.9 

98.1 

98.9 

95.8 

91.3 

89.1 

98*0 

145.4 

5000 

S6.8 

98.6 

99. 0 

98.5 

93. 1 

9S* i 

91. 8 

91.5 

92.8 

9S. 1 

96. 5 

95*6 

97.5 

93.0 

89.5 

86*8 

96.2 

143.6 

tino 

S5.S 

9/./ 

91. S 

97.9 

91.5 

93. 1 

90. S 

89.3 

91. 1 

93.4 

95.4 

93.3 

96*6 

92.9 

88.7 

86.3 

95.5 

142.9 

800 C 

ss./ 

96.6 

S 6 . 9 

95.9 

89. 5 

91.7 

89. 1 

88. 1 

90. 1 

91.9 

93.6 

91.1 

95.6 

90.7 

87*2 

84.6 

94.7 

142.1 

looon 

S/* / 

9S.S 

9S.3 

9S.2 

87.0 

89.5 

87.2 

85.3 

87*2 

88*5 

91.5 

67.4 

92.7 

88.7 

85.0 

82.1 

93.3 

140.7 

1/500 

Sl.6 

9S.6 

93.5 

93.3 

86. 1 

88. 6 

86. C 

bS. 5 

87.3 

88*3 

90.8 

85.3 

92.0 

86.5 

85.0 

82*1 

94.0 

141*4 

I6J00 

88.8 

90.9 

89.9 

90.1 

82.6 

85. S 

82.9 

81.1 

83.9 

84.9 

87.4 

79.5 

89.3 

85.3 

62*3 

79.0 

92.6 

140.0 

/cooo 

E6.5 

86.<<t 

8 6.7 

86.S 

76.7 

82.0 

79.7 

77.7 

80.9 

81.7 

64*0 

73.9 

85.7 

82.2 

79.4 

76*4 

92.0 

139*4 

OYFRALl 

1 10.3 

1 u.o 

U1.9 

111.6 

108. 2 

109.8 

109.S 

106. S 

107. 1 

108.5 

110.2 

110*2 

111.0 

107.4 

.»• 

0 

Ui 

m 

00 

103.0 

110.0 

157*4 

distance 






SIDELINE 

PERCblVEO NUISE LEVELS 








II4.3 H 

87.7 

99. 1 

10 S« 3 

106.2 

lOs.O 

106. 7 

106*8 

105.7 

^106.7 

108.1 

106*9 

108.5 

107.9 

102.2 

95*8 

89.7 



15i«4 M 

63.<* 

95.1 

too. 6 

102.8 

100.7 

103.6 

103.8 

102.3 ' 

'103* 0 

104.9 

105.7 

105.3 

104.7 

98.9 

92.3 

86.1 




71*6 

BS.S 

90.7 

93.S 

92. S 

95.0 

96.0 

9S.3 

95. 3 

96.6 

97.2 

96*8 

95*8 

69.7 

82.5 

76.5 




05 

oi 


Oi TABLE IV. - Continued. 

O) 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2xl0“5 Pa; PWL referenced 
to 0.1 pW. ] 

(d) 95 Percent speed; fan physical speed, 2505 rpm 


fHECtifNCY 








ANGLE. OEG 








SIMPLE 

POWER 


















SOURCE 

LEVEL 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

SPL 

(PWL) 




1/3-CCTAvE BAND SLUNG PKESSUHE 

LEVELS 

ISPL) 

GN 30.5 METER RADIUS 





50 


86.3 

78.7 

78.b 

74.2 

78*5 

78*0 

78*5 

79.3 

bO.O 

80.0 

79.3 

61.8 

83*3 

65.5 

87.1 

o 

CP 

128.4 

6i 

/7.5 

85.2 

77.2 

7 7.2 

73.7 

7 6*6 

76.3 

76.8 

76.7 

7b. 0 

79.7 

80.6 

82.8 

84.5 

87.0 

88.6 

81. L 

128.5 

bC 

bl .8 

B 6 .3 

81 .3 

79.5 

73.3 

76*5 

76.8 

76.6 

78.5 

80.5 

82.1 

82.6 

85.5 

87.0 

63. 6 

89.5 

82.9 

130.3 

100 

d6 • 5 

8 7 . B 

84*5 

84.0 

80.0 

82.7 

61. Q 

82.3 

83. 3 

64*2 

85.3 

86.3 

87.7 

69.3 

93.3 

89.6 

85.6 

133.0 


bS*'5 

90.B 

90. J 

B7.3 

64 .0 

8d*8 

83.8 

85. 3 

84. 3 

8C.2 

87.0 

86*7 

B'B.O 

86*7 

89. 5 

87.7 

87.1 

134.-5 

IbC 

fcb • / 

89.5 

8 7.7 

b6.C 

81*0 

64.2 

83.0 

83-7 

83. 0 

84.3 

85.2 

86.1 

85.5 

86.2 

86. 5 

85.9 

85.2 

132.6 

XOQ 

Si .0 

90./ 

66.3 

86*2 

7 9.6 

62.2 

B 1.3 

81.3 

82 . 2 

82.8 

84.5 

85.6 

6 o . 7 

86.3 

86. 8 

85.6 

85. 1 

132.5 

.^50 

• 6 

97.2 

9 i .0 

Ob. 2 

64. b 

66. 7 

84. 5 

84.7 

85. 7 

86.8 

88* 7 

90.1 

89.3 

87.8 

86.7 

85.6 

87.9 

135.3 

115 

51.9 

9i.O 

91 .4 

90.5 

86.2 

60. 7 

6 5.9 

85.7 

8o« 7 

87.7 

db.9 

89*8 

9 J.2 

88.7 

87.0 

84.9 

68.6 

136.0 

40 0 

94.8 

S3.b 

9 J. 6 

91.2 

6 b . 3 

69.3 

8b. 0 

68*3 

89. 5 

91.0 

92.0 

92.9 

92*0 

90*6 

87.8 

86.5 

90.9 

138.3 

60 0 

9b..? 

99.9 

94.5 

93.5 

66*0 

9U. 0 

69.0 

89.9 

91.0 

92.9 

94.0 

94.8 

94.0 

91.7 

88. 7 

87.1 

92.4 

139.8 

a 10 

94.9 

96*1 

96.4 

94.6 

69.6 

90* 9 

90. 1 

9 1.6 

95.4 

95. 1 

95.2 

9o.3 

96.2 

92.4 

89. L 

88.1 

93.9 

141.3 

bOO 

9d • 1 

96.3 

97.1 

96.3 

90. 8 

93.0 

92.5 

94.3 

95.3 

97.0 

97*8 

99.4 

99.3 

95.1 

92. 1 

90.7 

96.2 

143.6 

1000 

9?.4 

9 7.6 

9fc. b 

98.6 

94.4 

94. 9 

94.3 

'^5*6 

96. 1 

97.6 

99.1 

100.8 

100. 1 

95.8 

93.4 

91*5 

97.6 

145.0 

1?50 

1C5.5 

106.0 

109.3 

110*3 

10 6. 2 

106*3 

104.8 

103.8 

10^.5 

104.0 

105. 2 

10 6.6 

106.5 

102*3 

99. 3 

97.6 

106. 1 

153.5 

loOC 

Sd.S 

99.2 

LuU.O 

99.3 

95.3 

95.b 

94.6 

96.0 

97.5 

99.4 

101.7 

102.5 

101.7 

96.9 

94. 7 

92.8 

99. 1 

146.5 

?0QC 

99.6 

100.4 

IUI.6 

LOO. 1 

9 5*4 

96.6 

94*9 

96.3 

97.9 

99.7 

101.4 

102.7 

lUi* 6 

97.1 

94. 1 

92.5 

99. 5 

146.9 

?60Q 

1U> 

103.4 

IOC.6 

104.3 

iOi. 1 

lOi.3 

98. 9 

99.8 

99.8 

100.8 

101.9 

103. 9 

103.4 

98.8 

96.1 

94.4 

102.2 

149.6 

3 150 

ICO. 1 

10 J .4 

102.0 

iOl.b 

96. / 

97. 7 

95.8 

9 7.0 

98. 0 

iOU.4 

101. 7 

10 2. 1 

10 1.7 

97.2 

94. 5 

92.1 

100.2 

147,6 

4O0C 

100.0 

101.5 

101.8 

103*2 

9 7.7 

9 6.7 

95. 5 

96. 3 

9b. 5 

100*0 

lOL.U 

IOi. 3 

101.5 

97.8 

94. 2 

91.6 

100.3 

147.7 

5000 

91.3 

100.2 

1LQ.2 

99.6 

94-0 

95. J 

92*8 

93.5 

94.8 

96*3 

98. 1 

98.3 

99.1 

94.1 

92.3 

88.5 

97.8 

145,2 

i iOO 

96.5 

99.7 

9b. 6 

99.0 

92.U 

94. J 

91.5 

91.8 

93.3 

95.8 

97.7 

96.3 

98.2 

94.7 

91.5 

88.5 

97.3 

144.7 

riono 

S5.1 

99.1 

9 7.6 

9 7.0 

90. 8 

92.8 

90.2 

90. 1 

92.1 

94.1 

96.0 

94.0 

97.3 

93.1 

89.8 

36.7 

96.5 

143.9 

loooc 

9^.9 

97.8 

94.9 

96.2 

6 7.S 

89.6 

8b. 1 

6 7.6 

89.4 

91.4 

93. 1 

89.8 

94.4 

90.4 

87.9 

83.9 

94.9 

142.3 

>^*>00 

97.? 

97.7 

93.9 

94.4 

b7.2 

86.9 

87. I 

86.6 

89. 1 

90*6 

92.4 

87.9 

93-7 

89.7 

87.4 

83.9 

95.6 

143.0 

uooo 

bS.O 

94.7 

90.0 

9C.9 

6 3.2 

86.2 

83.9 

83.4 

85.9 

87.2 

B9.0 

82.1 

90.5 

67.0 

84.2 

80.6 

94. 1 

141.5 

>cooo 

b6.5 

92 .8 

bb.8 

6 V* 1 

79*6 

82*2 

80. 5 

80.2 

82.3 

64.0 

85.5 

76.4 

a/.3 

64.0 

81.0 

77.1 

93.7 

141.1 

OVFHAtL 

1 1 1.4 

112.6 

113.9 

113. b 

110.5 

109*9 

106. i 

108.4 

108.6 

110.4 

111.8 

112.7 

112.6 

108.6 

106.1 

104.3 

111.5 

158.9 

ni STANCE 






SIGELINE 

PEKCEIVEU NOISE LEVELS 








llAmi H 

bb.9 

S9.7 

106. 1 

107.8 

IJ6.9 

107.7 

106.5 

I07.B 

108.4 

109.9 

ilO.d 

110.9 

109.4 

103.5 

98. 1 

91.6 



15>.A H 

84.6 

95.7 

102.5 

10443 

J02. 8 

104.5 

103.4 

104.7 

105. 3 

106.7 

107.5 

107.7 

106. 1 

100.1 

94. 5 

87.7 



104 «fi H 

17.8 

85.0 

92.0 

95.7 

9n. 6 

9b. 9 

95.1 

96.4 

9/.0 

98.3 

99.0 

99.3 

97.3 

90.9 

84. 7 

77.5 





TABLE IV. - Concluded. 

[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2xl0”5 Pa; PWL referenced 
to 0.1 pW.] 

(e) 100 Percent speed; fan physical speed, 2636 rpm 


fHFCUI;^CY 








ANGLE. DEG 







SIMPLE 

SOURCE 

POWER 

LEVEL 


10 

20 

JO 

40 

bo 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

SPL 

(PWL) 




1/3-GCTAVE 8AM0 SLUNO PRESSURE 

LEVELS 

. (SPL) 

CM 

30.5 METER RADIUS 





5C 

64*0 

63*1 

6C.6 

7s.3 

7b. 6 

bl.3 

80*3 

85.6 

d3 . 1 

84.0 

82.5 

81.6 

83*8 

ES.8 

87.6 

B9.2 

83.8 

131.2 

61 

16* J 

83.9 

/d.5 

7d.J 

74.2 

77. b 

77.4 

7a. b 

79.0 

79.0 

80.7 

dl.l 

84.9 

86.7 

89.4 

90.6 

82.7 

130.1 

60 

61«6 

6b./ 

dl.5 

78.3 

/4.b 

77.3 

77.6 

78.5 

79.7 

bi.o 

83.0 

83.4 

36.3 

89.3 

91.2 

91.7 

64.5 

131.9 

too 

tl.? 

H7.7 

66.2 

84. i 

d i • 7 

OJ.4 

81.7 

d3.6 

d4* 0 

b5.4 

86.4 

87.1 

89.4 

93.4 

92.7 

91.6 

87.0 

134.4 


SC.b 

9**.b 

92.9 

as. 7 

do. 0 

bd. 2 

db.4 

dd*4 

b3. 9 

bo*3 

88. I 

88.8 

90.7 

90.7 

90.7 

89.6 

89.3 

136.7 

uc 

6< *6 

SU.b 

9C.C 

t l»C 

dj./ 

db. 3 

83.8 

63.7 

8b* 2 

bo • 3 

&0.7 

8 7.4 

87.2 

87*8 

88.2 

87.2 

86. e 

134.2 

20 c 

*iJ .5 

91.0 

d9.9 

do . 7 

d2.0 

d3 . 7 

82. 7 

83. 5 

b J. 9 

84.0 

do.o 

do.8 

88.5 

88.9 

83.4 

87.2 

86.5 

133.9 

?50 

SI *6 

93.1 

92.2 

ds . 7 

d3. 7 

d7 .4 

83.7 

83.9 

06 . 7 

88.7 

89.9 

91.3 

90.9 

89 .6 

8B.4 

87.6 

89.2 

136.6 

IIS 

S4.i 

93 .i 

92.3 

91.5 

d6. 3 

db • b 

d?. 7 

86.8 

87.8 

89.2 

90.2 

91.3 

91.8 

90.8 

83*5 

86.7 

89.9 

137.3 

hUG 

ss.y 

9S.^ 

95.3 

92.6 

dd.i 

b9.3 

8 5.4 

88. d 

b9.9 

92.1 

93.1 

93.9 

93.9 

91*6 

89.3 

88.2 

92.0 

139.4 

■>(10 

Sc.7 

9b.7 

So . / 

94.4 

SO.O 

91.4 

9 l.H 

91.2 

92*2 

94.4 

95.2 

95.0 

94.9 

92.7 

90.3 

88.8 

93.6 

141.0 

630 

S/.J 

95.8 

97.2 

96.C 

90. b 

92.3 

92.2 

92.0 

94.2 

96.2 

96.0 

96*8 

96.8 

92.8 

90.8 

69.4 

94.8 

142.2 

lior 

S / • i 

96.8 

S6.0 

S7..0 

92.0 

93. d 

S4. 1 

95.3 

90« 0 

9b. 0 

98.3 

99.4 

99.1 

95.6 

92.6 

91.9 

96. 6 

144.2 

1000 

Sti «0 

97.4 

99.0 

9d.O 

94. 0 

93. 1 

95.3 

97.1 

97.0 

99.4 

99.4 

101.0 

100.6 

96.1 

94.3 

92.7 

98.2 

145.6 

1^50 

I0d«6 

106. a 

109.3 

I0S.6 

106. 0 

lO/.b 

106.5 

104.7 

lOt.7 

103.0 

106.2 

10 7.3 

107.3 

102.5 

100.8 

98. 6 

106.6 

154.0 

1600 

IG1«G 

100.2 

101.6 

10U2 

97.3 

9H. 7 

Sb.C 

98.3 

99.7 

101.2 

102.3 

103.4 

102.7 

98.2 

95.7 

94.6 

100.6 

148.0 

;>uoo 

SS.6 

99.6 

101.0 

SS.s 

9b. 4 

9o. 9 

9c«4 

97.4 

99# 2 

100.9 

102.2 

103.5 

102*4 

97.7 

94.9 

93.3 

100.2 

147.6 


103 • 3 

103.0 

IO 0.2 

lOb.d 

10U.3 

1 J 1. b 

iOl.C 

IOl.7 

10 1* 7 

102. b 

103.3 

104*6 

104.7 

99.0 

96.0 

94.7 

103.1 

150.5 

31<)0 

ICl«i 

100.6 

102. / 

101.4 

96. 7 

97.9 

9 7.4 

9b«8 

99.9 

102.3 

102*8 

103.1 

102.9 

98.3 

94.9 

93.0 

101.2 

148.6 

4(iOG 

lOC*^ 

100.4 

1U1.4 

103.9 

96. 6 

S d. 0 

96.3 

97.1 

9d. 3 

101*4 

102.1 

101.9 

102. L 

96.3 

93.9 

92.7 

100.9 

148.3 

^UOO 

Sfc*0 

98.6 

99.6 

9S • 6 

9 J. 6 

sb. b 

94.5 

94.8 

9o.b 

98*0 

99.B 

98.8 

100.5 

95.5 

92. J 

89.8 

98.6 

146.0 

6300 

s/«u 

98.3 

96.6 

SS.l 

91.9 

94.3 

9>.d 

93.4 

9b.i 

97.5 

99.6 

97.6 

99.8 

95.6 

91.6 

89.7 

96.3 

145.7 

6000 

S6-7 

97.9 

97.0 

S 7.0 

90.4 

93.2 

91.5 

91.5 

94.0 

96.0 

97.7 

94.9 

98.7 

93.9 

90.0 

88.1 

97.3 

144.7 

10000 


Qb.a 

94.6 

93.3 

8/ .4 

sO.2 

dS.2 

8b.9 

91.4 

92.9 

95.0 

91.0 

96.1 

91.8 

88.4 

85.9 

95.8 

143.2 

1/300 

S>«0 

99.8 

93.3 

94.1 

dO. b 

d9.0 

b c • 0 

07.8 

91.3 

92.5 

94.3 

88.7 

95.3 

91.2 

87.6 

85.5 

96.3 

143.7 

16000 

66*6 

9i*i 

89.4 

90.3 

82.8 

83 * b 

d5.0 

84.0 

dd. 0 

88.6 

91.0 

83.3 

92.3 

88.0 

84.5 

82.2 

94. 8 

142.2 

>0000 

66 «H 

91 .0 

65.8 

6c.i 

7d. d 

82*1 

81.8 

81. J 

84.4 

83.3 

87.4 

77.3 

88.9 

85.3 

81.8 

79.4 

94.2 

141.6 

nMFKAlL. 

1 li«0 

112.4 

II 4 .U 

114.0 

109.2 

LlO.d 

109.9 

109.5 

110.5 

111*9 

112.9 

113.4 

113.6 

109.3 

107.0 

105.6 

112.3 

159.7 

OISTAKCb 






^lOEL INE 

PERCblVtU hOISE levels 








11A.3 

SI «0 

99.b 

1U6. 3 

106.7 

103*4 

lOd.4 

iOb.4 

109.0 

iiO* 2 

111.6 

111.9 

lli.7 

110.6 

104.2 

98.6 

92.5 



M 

66*7 

95.5 

102.7 

lOb.i 

102. 1 

iOb*2 

103.2 

105.9 

lU/.l 

1U8.4 

108.7 

108.5 

107.3 

loo.a 

95.1 

88.6 



30<i«6 P 

l^•'3 

65.4 

92.6 

96.C 

93.6 

96.8 

96.9 

9 7.6 

9b.8 

100.1 

100.2 

130.0 

98.4 

91*6 

85.9 

78.8 




-a 



o> 

00 


TABLE V, 


ACOUSTIC DATA FOR STOL QF-8 FAN WITH 110 PERCENT-OF-DESIGN-AREA NOZZLE 


[Data adjusted to standeird day of 15° C and TO percent relative humidity; SPL referenced to 2x10 ^ Pa; PWL referenced 
to 0.1 pW. ] 

(a) TO Percent speed; fan physical speed, l803 rpm 


('KECLEnCV 








ANOLb. DUG 








SIMPLE 

POWER 


















SOURCE 

LEVEL 


10 

^0 

30 

40 

50 

60 

70 

60 

90 

ICO 

iiu 

120 

130 

140 

150 

160 

SPL 

(PWL) 




1/3-UCTAVfc UANl) SLUMO PBbSSURt 

LfcVELS 

{ 5PL> 

CN 30.5 METER RADIUS 





50 

14*4 

70.S 

70. 0 

6C.S 

06.3 

69.2 

7C.7 

71.7 

7i-5 

72.2 

71.4 

70.6 

73.5 

73.7 

75.7 

76.6 

71.8 

119.2 

63 

/4.7 

73.2 

o9.9 

62.5 

6B* 5 

7J.9 

70.5 

7 2.0 

69.5 

71.7 

71.5 

71.5 

75.0 

75.2 

76.7 

77.6 

72.7 

L20.1 

»G 

U.l 

72.9 

7C.7 

63.7 

6 5.4 

u 7 * 4 

6£. 7 

68*7 

o9. 6 

70.4 

71.9 

73.5 

76.1 

76.7 

76.6 

79.0 

72.8 

120.2 

100 

M. 7 

/S .9 

7 6. 4 

72.4 

71 .2 

75.6 

7 3.9 

73.7 

75.2 

75.7 

7b. 2 

77.2 

79.4 

79.4 

80.4 

80.0 

76.9 

I24;3 



B3.7 

HI .9 

76.4 

75. 7 

.6*4 

7 7.4 

76.9 

77.7 

77.4 

7o.4 

79.0 

80*0 

60*4 

80. 5 

79.1 

79.0 

126.4 

1 6C 

b 1 • 7 

HI .4 

7b * 9 

76.2 

73.2 

74-9 

75. 1 

75.2 

76. 2 

75.9 

76*4 

7b. 1 

7d.4 

77.4 

78. 4 

77.6 

77.0 

124*4 

^00 

bi . 1 

ti 3 .6 

60. I 

7 7.6 

72*6 

73.3 

73. 1 

73.6 

74.1 

74.3 

75.6 

76.9 

79.1 

78.6 

78. 1 

76.8 

77.0 

124.4 


d4 • ^ 

U4 *H 

til. 9 

62 • 1 

76.4 

7d.2 

7c. 9 

7 0.9 

76.2 

79.2 

79.7 

81.7 

82.2 

81.4 

79.7 

77.0 

80. 1 

127.5 

315 

b / • 7 

do . 7 

64 .2 

63.9 

7 7.2 

76.9 

/ d . 6 

76* 6 

79.4 

80.4 

61.7 

82. B 

83.4 

82.7 

80.4 

76.1 

81.7 

129.1 

401) 

bf!*5 

b 7 .3 

bfc. 5 

b6. 0 

79.6 

do. a 

7S.B 

60.6 

61*6 

83*2 

85.2 

8o * b 

66.2 

84.3 

81.3 

78.7 

84. 1 

131.5 

50 0 

bri*3 

1> U • 4 

b 7. 3 

bfc.i 

6 1 . 6 

dl.9 

61.1 

61. d 

83*3 

84.9 

86*4 

87.2 

86.9 

86.1 

82.4 

79.7 

85.3 

132.7 

6 30 

US* 1 

dS.S 

bb. d 

b 9 *4 

62.9 

63.3 

U2 * o 

63*6 

o4 . 6 

86.9 

86.3 

88. 7 

89. 1 

88*1 

82.8 

80.5 

86.9 

134.3 

dOO 

S6 *5 

95.3 

95.2 

97.2 

69.2 

aa.u 

6 7.2 

BB.O 

69.5 

91.2 

91.5 

93.1 

94.7 

9 3.5 

89.0 

86.7 

92.3 

139.7 

inuo 

S6 • B 

96.3 

95.6 

97.4 

69*6 

89.3 

d 6 * 6 

89*6 

89.6 

91.6 

92.6 

94.5 

97.3 

94.8 

90.6 

80.5 

93.4 

140.8 

1^50 

53*1 

93.6 

93. 1 

S3. a 

b 5. 6 

65.6 

6 4*6 

66.6 

68.8 

90.3 

91.9 

93.2 

94.8 

91.9 

87. 8 

85.3 

91. 1 

138.5 

I6GC 

S5*3 

95. ^ 

95.3 

96. 7 

90.0 

bd. 5 

66*5 

87.7 

89.8 

91.5 

93.2 

95.1 

97.0 

94.0 

90.0 

86.4 

93.1 

140.5 

^OOO 

56*1 

96.9 

9 6.9 

97.7 

9i.o 

69. 7 

67.4 

88.7 

90. i 

91.2 

93.6 

96.0 

97.9 

95.7 

91.2 

86.6 

94.2 

141.6 

2500 

4 5.3 

95.6 

96. C 

9 7.0 

90.1 

69. 1 

66.6 

86*0 

89.6 

89.8 

91.8 

94.2 

95.5 

93.3 

88.3 

83.7 

92.6 

140.2 

3150 

S4.B 

94.6 

94.6 

9 6*3 

69.3 

69. 1 

66.3 

67.1 

86.4 

89.4 

92.1 

93.1 

94.6 

92.8 

83.4 

84.0 

92.3 

139.7 

40 OC 

S3.^ 

93. C 

92.7 

94.3 

67.5 

67.2 

64.0 

84.6 

85.8 

88.7 

89.6 

90.1 

92»5 

91.3 

87.0 

82.9 

90.5 

137.9 

5 )00 

41. S 

92.0 

91.5 

92.7 

do * 4 

66.4 

62.4 

83.0 

85.4 

87.2 

6 8*2 

88.5 

91.7 

89.0 

85.9 

81.2 

89.5 

136.9 

t 400 

SI .B 

91.6 

91.1 

91.4 

65.2 

65.4 

61.6 

81.6 

63.6 

85.2 

87.4 

86.5 

90.2 

87.9 

84.1 

Bl.l 

88.8 

136.2 

aooj 

SO.d 

91.3 

By. U 

d 9 a 7 

63.6 

d5.4 

61. 1 

61.1 

62 . 6 

84.1 

85.9 

63.9 

86.3 

83.9 

83.1 

78.9 

66.1 

135.5 

icnoo 

US. 1 

U9 .3 

bH. 1 

fco.J 

62.0 

63. 5 

79.5 

78.5 

60. 1 

81.3 

84. I 

80.0 

85.8 

83.5 

81.0 

77.3 

66.8 

134.2 

1P500 

bb.S 

H9.0 

b 7.0 

64.4 

61.9 

62.7 

76.5 

77.7 

79.5 

60.7 

82.9 

78.1 

85.5 

82.7 

80.5 

77.1 

87.4 

134.8 

16OC0 

b5.i? 

H5.4 

6rf .9 

7d. b 

76.4 

79.5 

75.2 

74.4 

76.0 

79.6 

80.2 

72.8 

82.4 

79.7 

77.4 

74.6 

85.9 

133.3 

;cooo 

b 1 a 5 

62.0 

79.0 

7 1 .9 

74.2 

7 5*5 

71.5 

70.7 

72.7 

77.0 

76.7 

67.5 

79.4 

76.7 

74.9 

72.2 

85. 1 

132.5 

ONfFKAi L 

1115.7 

105. 7 

105.3 

106.3 

99.6 

99.1 

9 7. C 

97.9 

99. 3 

100. 6 

1U2.4 

103.8 

105.7 

103*6 

99.6 

96.5 

103.1 

150.5 

OISIANCE 






S lULL INE 

PbRCEIVtO NUlSb LEVELS 








114*3 H 

bi .0 

92.7 

9 / .2 

lul .0 

9o . 3 

^9 7.4 

95.9 

97.3 

98.9 

99.9 

101.4 

101*8 

102.4 

98.4 

91.6 

83.2 



15^*4 M 

7B.4 

bH.9 

93.6 

9 7.6 

93.0 

94. 1 

92-7 

94. 2 

95.6 

90. 7 

96.2 

98.7 

99.2 

95.1 

88. 1 

79.5 



30 4 . fc H 

6 6.3 

7U.4 

64.0 

fc o . 4 

o4.4 

6 5*2 

64*2 

65.9 

b 7 . 6 

86.5 

89.6 

90.5 

90.7 

66.3 

78.7 

69.. 1 





TABLE V 


Continued, 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2x10“^ Pa; PWL referenced 
to 0.1 pW.] 

(h) 80 Percent speed; fan physical speed, 2060 rpm 










ANGLE. DEG 







SIMPLE 

POWER 


















SOURCE 

LEVEL 


JO 

20 

30 

40 

bu 

oO 

70 

80 

90 

100 

1 10 

120 

130 

140 

150 

160 

SPL 

(PWLI 




1/3-CLTAVfc bANU SOUND PBESSUK6 

levels (SPL) 

LN 

30.5 METER RADIOS 





5C 

16.0 

72.2 

73.3 

64.5 

7C.0 

72.7 

73.5 

74.3 

75.0 

75.5 

75.3 

75.1 

77.0 

78.5 

81.2 

81.2 

75.7 

123.1 

63 

60.1 

75*1 

/2.3 

6 5.6 

70. b 

7b. 0 

74.1 

74.3 

76.0 

75.8 

73.8 

75.4 

78.6 

79.1 

62.5 

82*5 

76.6 

124.0 

bii 

) b * 0 

70.8 

'/4*b 

Ct .8 

09.2 

7i*b 

71.3 

73.0 

73.8 

75.7 

76.2 

77.4 

80. 7 

61*3 

83*8 

84.2 

77.5 

124.9 

100 


HI .9 

Hi .3 

76.3 

7b. 0 

7 S . 8 

76.9 

78.1 

7o . 6 

80.T 

80*4 

81.5 

83.3 

83.8 

85.3 

84*5 

80.9 

123.31 


64.<J 

Ho .4 

86.4 

8<;. 0 

79. -» 

82*3 

bO.l 

80.6 

bO.o 

81*8 

82.6 

83.2 

63*6 

84.1 

84.8 

83.0 

82. 8 

130.2 

16C 

b4 . 6 

H4.3 

8 3.0 

bu «c 

77. C 

79. b 

7S.C 

79.3 

79.3 

bU.O 

bU.5 

82.2 

81.6 

81*3 

81.8 

81*2 

60. 6 

128.2 

?uc 

b6 . 4 

87. C 

84.0 

bi.V 

77. b 

7b*U 

77.4 

77.4 

77.4 

78.4 

79.4 

80*8 

82.2 

81.7 

82.0 

80.7 

80.7 

128.1 

/bd 

6 / . d 

8 7.6 

8 7*1 

88.3 

83.6 

84.6 

83.C 

80.b 

bi.b 

82.3 

83.6 

8o . 6 

86*0 

84.6 

82. 1 

80.5 

84*6 

L32.0 


sc . 2 

bs • 1 

6 7*3 

b /.8 

81.7 

83.3 

81.8 

81.5 

82*3 

83.8 

85.3 

86.9 

87.0 

85.3 

83*0 

60.6 

85.1 

132.5 

40u 

SI .6 

SU.3 

90.4 

bS.l 

83.8 

84.0 

83.6 

83.0 

8b. 1 

86.6 

BB.b 

91.0 

89.4 

87.3 

83.9 

82.1 

87.6 

133.0 

•jUC 

SI. 1 

91.3 

91*8 

S2.1 

8b*8 

Ho.8 

B4.8 

65.3 

86* 1 

88.5 

90.0 

91.2 

91.0 

87.6 

84.0 

82*2 

88*9 

136.3 

630 

Si .2 

S2.7 

93.2 

93.5 

do • 0 

88.3 

86.7 

8 7.0 

bb.3 

90.6 

92.2 

93.1 

93.2 

89*3 

85*0 

63.1 

90.7 

138.1 

HOC 

Si. 1 

94.3 

93.9 

Sb.O 

bb. b 

90. 1 

db.S 

89.3 

90.9 

93.3 

93*8 

95.4 

95.3 

91*8 

86.9 

85.5 

92.6 

140.0 

1000 

100*1 

100.7 

101./ 

104.9 

9b.2 

98*0 

9b. 2 

9b. 4 

96.1 

97.4 

98*0 

100 .j: 

104.2 

98*4 

93.4 

92.0 

99.7 

147.1 

1^50 

Sb.S 

S6.S 

9t .4 

S7.6 

91.1 

91. t 

89*9 

91.2 

93.2 

94.4 

9b. 1 

97.7 

98.4 

93.9 

90.4 

88*5 

95.0 

142.4 

160C 

S6«2 

96.7 

S/.l 

9 8.7 

92.0 

92.6 

8S.7 

91.2 

93.6 

95.6 

96.9 

98.7 

99.2 

94.7 

91*1 

88*5 

95.6 

143.2 

?0 00 

Sb . T 

100. b 

100.8 

102.2 

9b. 8 

9b. 8 

93.0 

93.7 

9b. 0 

96.5 

97.7 

10 0.6 

10 1.0 

97.5 

92.5 

88.7 

98.2 

145.6 


SV .1 

S8*b 

S8. 8 

IOC. 1 

S^. 8 

93*8 

91.C 

91.8 

93.6 

94.5 

9b. 5 

97.9 

97.8 

94*3 

9D.0 

86.2 

96. 0 

143.4 

31bU 

Sb . 3 

Sb.b 

S8 . 6 

101.1 

94.3 

Sb.3 

92. i 

92.1 

93.6 

94.9 

96*6 

97.9 

98*3 

95.8 

91.1 

87.4 

96*8 

144.2 

^OOC 

So. 2 

96*4 

96.6 

S8.4 

91.7 

92. S 

89*2 

89.1 

91. 1 

93.6 

94.2 

95.2 

95.7 

93.2 

88.6 

86.0 

94.6 

142.9 

5000 

SS.l 

95.6 

Sb*4 

S 8 . 8 

91.1 

92.1 

87*8 

B/.B 

89*6 

92.3 

92.4 

92.9 

95.1 

91.8 

87.9 

83.7 

93.6 

141.0 

£300 

S4./ 

94.8 

S4.7 

Sb.l 

90.0 

91.0 

8 7.2 

Bo * 7 

09. U 

90. 1 

92.2 

9i.l 

93*6 

90.8 

86.3 

84*0 

92.9 

140.3 

dUOO 

S3. / 

94.9 

93.7 

94. 1 

8b* 7 

9 0. 7 

8 0 . 4 

8b*7 

87.0 

89.6 

91.2 

88.9 

92.2 

89.1 

85.7 

82.4 

92.5 

139.9 

ICOOC 

Sl.S 

S2.7 

91.S 

S0.7 

b 7* 0 

88* b 

84*2 

83*b 

8b. 4 

87.0 

89*0 

85*3 

89.7 

66.7 

83.2 

80.5 

91. 1 

138.5 

12500 

SI .6 

92 .8 

90.4 

88. / 

80.4 

b/.S 

83*4 

82.6 

64. b 

86*3 

87.9 

83.0 

88.9 

86.1 

83.1 

80*6 

91.6 

139.0 

16000 

bH .6 

H8.9 

86*7 

62*8 

o2 *9 

84*4 

80.4 

7S.4 

81.6 

84*8 

8b. 1 

77.7 

66.3 

82i9 

79.9 

78*0 

90.2 

137.6 

20OUU 

b4.o 

bb.9 

82* 7 

70.3 

7b. 9 

bU.4 

76.6 

/b.2 

78*3 

82.7 

81.9 

72.2 

83.1 

79.8 

77.4 

73.6 

89.5 

136.9 

nwtkAU 

ICb.O 

lOb.H 

108.S 

11C.5 

lU4* 3 

104.9 

iUl.9 

1U2. 3 

103.8 

105.4 

106.7 

108.2 

109.5 

105*6 

101.6 

99.3 

107.1 

154.5 

01 ST AM E 






sideline 

PEkCElVED NUISE LEVELS 








114.3 M 

bS.4 

95.9 

IOC. 7 

ICb.l 

100.8 

103. 1 

101* 1 

101.7 

1U3.4 

104.8 

iUb.7 

106.3 

105.7 

100.5 

93.4 

85.8 



152 .4 H 

bo.a 

92.1 

97.2 

101*0 

97.4 

99.8 

97. b 

98.0 

100.3 

101.6 

102.4 

103.2 

102*5 

97.1 

B9.9 

82.1 



304 .6 H 

et-.5 

81 .5 

87. / 

92.5 

8b. 7 

90.9 

89*2 

90*3 

91*9 

93.3 

93.9 

95.0 

94.0 

88.2 

80.6 

71.8 




-<3 

O 


TABLE V 


Continued 


[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2xl0~5 pa; PWL referenced 
to 0.1 pW. ] 

(c) 90 Percent speed; fan physical speed, 2318 rpm 


fkEtUBNCV 








ANGLE* DEG 








SIMPLE 

SOURCE 

POWER 

LEVEL 


10 

20 

30 

40 

50 

oO 

70 

80 

50 

100 

110 

120 

130 

140 

150 

160 

SPL 

(PWL) 




l/3-CCTAVt BAND SLUNU PRESSURE 

levels 

l^^PU 

UN 30.5 METER RADIUS 





50 

7H.4 

74.7 

75.7 

66.1 

73.4 

76.7 

77.5 

77.6 

78.5 

7‘-.l 

78.9 

78.7 

61.1 

81.6 

84.7 

85.8 

79.4 

126.8 


7/. 7 

76.5 

75.6 

6 6 . 7 

72.7 

74.5 

76.4 

76.4 

77.2 

78.1 

78.1 

79.2 

82.9 

84.1 

86.7 

87.1 

80.1 

127.5 

bC 

Bi . 1 

63.5 

8C. 1 

71.5 

72.6 

77.1 

75.6 

7 8.1 

77.5 

75.6 

81.4 

81.6 

85.3 

66.6 

69.3 

68.5 

62.5 

129.9 

100 

6 5.9 

H4.7 

84 • 4 

75.1 

78.5 

81*6 

80.6 

8 1.6 

82.4 

8>«2 

84.4 

85.3 

66.7 

86.1 

89.6 

89.4 

84.6 

132.0 

i;’5 


85.5 

85.3 

84* i 

8:>.U 

85.H 

83.4 

84.5 

83.5 

85.5 

86.0 

86.1 

87.5 

87.9 

88.4 

87.1 

86.2 

133^6 

160 

fa/.d 

87.5 

66.6 

64.C 

80.5 

83.1 

8 < . 5 

83.5 

82.6 

84.5 

84. 1 

8 5.6 

85.5 

65.5 

86.3 

84.9 

84.5 

131.9 


fc . 5 

85.6 

8t. . 5 

84.3 

7b. 5 

81. 1 

8C.4 

B1 .1 

81. 1 

82.5 

82.9 

84.2 

85.6 

85.9 

86* 6 

84.7 

84. 1 

131.5 

Phil 

*C 

5C .8 

85. 6 

85. 1 

84.3 

85.6 

84.8 

B4.0 

b4«6 

86.0 

87.3 

Bb.2 

85.1 

68*1 

36*1 

85.0 

87. 1 

134.5 

315 

53 . 5 

53.0 

5 1.3 

5/. 3 

86. 1 

8b • b 

86.3 

B5.5 

86.0 

86.0 

87.6 

88.7 

90.0 

89.0 

07.1 

84.9 

68.6 

136.0 

^UO 

54*6 

53.8 

53.1 

52.5 

88.4 

8b. 1 

87.3 

87.3 

o7. 5 

85.6 

91.1 

52.4 

91. S 

90.3 

87.9 

85.7 

90.4 

137.8 

5CC 

54.3 

54.8 

54.4 

54.8 

8 7.4 

88.5 

87.5 

87.9 

5J.1 

91.4 

93.4 

54.0 

93.9 

91.4 

87.9 

85.5 

91.9 

139.3 

630 

53.5 

55.0 

55.5 

56.4 

85. 5 

50.5 

85.5 

85.7 

51.7 

93.7 

54.5 

55.0 

95.4 

91.7 

88.7 

86.3 

93.2 

140.6 

HOC 

56*1 

56.6 

56.4 

58.4 

50.6 

52.4 

52.4 

52.6 

54.8 

95.5 

96.6 

97.9 

97.6 

93.9 

90.6 

87.8 

95.4 

142.8 

lOOC 

5d.6 

55*6 

5S.6 

102.6 

57.6 

55. 1 

55.5 

96.L 

96.3 

57.8 

58.9 

100.2 

100.6 

96.9 

93.6 

90.7 

98.7 

146.1 

1^50 

1C3.;? 

1U4.0 

lu4. b 

106.7 

104.2 

108* C 

101.5 

IOC. 9 

55.5 

102.0 

10/. 9 

104.5 

106.2 

103.0 

97.9 

95.6 

104. C 

151.4 

!<>CC 

58.4 

58.7 

56.7 

IOC. 5 

53.7 

54* / 

53. 5 

94.7 

50.5 

96.4 

100.2 

101.2 

101.7 

96.4 

93.9 

91.3 

98.3 

145.7 

;^U0C 

55.3 

100.8 

1U1.4 

102.6 

58. 1 

56* 3 

94.5 

95.5 

57.8 

98.4 

100.3 

101.9 

lOi.4 

97.1 

93.9 

90.3 

99.3 

146.7 

/oOC 

1C I .0 

103.0 

104.4 

105.5 

5 5.2 

55. 7 

5 7. 7 

57.9 

58.5 

58.2 

100.2 

102.1 

102.2 

96.9 

94.5 

90.3 

101.0 

148.4 

3150 

ILiO.O 

10C.7 

lLiC.5 

103.4 

56*0 

57.2 

55.7 

56.2 

97.t 

97.7 

100.4 

iUU.3 

100.5 

97.5 

93.7 

89.8 

99.4 

146. B 

^000 

5H.3 

58.5 

5 8.1 

IOC. 5 

53.8 

55. 1 

53.3 

93*8 

95. 1 

96.9 

98. 1 

98.1 

98.4 

95.3 

92.3 

88.9 

97.5 

144.9 

500C 

57.1 

58*7 

5 7-7 

5 5.5 

5b. 4 

54. 7 

52.0 

92.5 

5'*. 4 

96.0 

96.9 

96.0 

98.1 

94.7 

91.4 

67.2 

96.6 

144.2 

630C 

56.7 

57.7 

56.5 

5 8*3 

51.5 

53.1 

51.6 

90.9 

93.4 

94.2 

56.4 

94.6 

97.1 

93.9 

93.4 

67.5 

96.2 

143.6 

«000 

55. d 

57.1 

5 5. 5 

5o. 1 

50.8 

52.6 

90.4 

90.3 

52.4 

93.3 

95.3 

92.3 

95.6 

92.6 

89.9 

85.8 

95.6 

143.0 

JOOOO 

54.7 

55.0 

54. 0 

52*8 

b 8 * 7 

50.5 

8 8* 2 

88.2 

50.3 

51.3 

93.3 

88.3 

93.0 

90.3 

87.7 

84.3 

94.3 

141.7 

l/oOO 

53.7 

54.5 

5/ . 6 

50.8 

88*3 

50.3 

B7.5 

87. 1 

85.9 

90.6 

52.3 

86.2 

92.6 

69.9 

86.9 

84.6 

94.9 

142.3 

UuOC 

50.4 

51.2 

6 8.5 

84.8 

84.6 

8b * 6 

8 4*6 

83.7 

80.4 

69.4 

85.4 

81.2 

89*6 

B7.2 

84.1 

82.0 

93.6 

141.0 

?0f)00 

66*6 

8b.) 

84.7 

7 8 * o 

bO. 8 

82. 7 

8C.6 

75.9 

82.9 

86.5 

85.9 

75.8 

86.7 

63.9 

81.4 

79.3 

92.9 

140.3 

QWbHALL 

1 10.5 

111.4 

U1.5 

113. / 

iOb* 1 

105.5 

10b* 7 

106. 7 

107.6 

iOB.b 

110.3 

111.1 

111.9 

108.6 

105*2 

102.6 

110.4 

157.7 

U ISTAKf.e 






SIDELINE 

PERCEIVED noise LEVELS 








114.3 M 

6 7.5 

55.0 

104.3 

108.5 

104.3 

106.6 

105.6 

1 0 6 . 3 

10 7 . 0 

107.9 

109.4 

10 9.2 

108.4 

103.4 

97.0 

89.0 



15/ .4 k 

83.3 

55. C 

100.7 

105.1 

101*0 

103. 4 

102.5 

j.03.2 

104.5 

104.8 

106.2 

1U6.1 

105.2 

100.0 

93.4 

35.3 



304.6 M 

n 

83.5 

50.8 

55.5 

52.2 

55.3 

54. C 

54.9 

96.2 

96.4 

57.5 

97.6 

96.4 

90.8 

83.7 

75.7 





TABLE V 


Continued 


[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2xl0”5 pa; PWL referenced 
to 0.1 pW. ] 

(d) 95 Percent speed; fan physical speed, 2hhG rpm 


fkFCi.ENCY 








AKGLE. DEG 







simple 

SOURCE 

POWER 

LEVEL 


10 

20 

30 

50 

50 

60 

70 

80 

90 

100 

liO 

120 

130 

140 

150 

160 

SPL 

(PWL» 





i/3-atTAVfc dAiMD SLUNO PHESSLiKE 

levels 

. <SPL) 

CN 

30.5 METER RADIUS 





5C 

bC«5 

77.6 

75.1 

65.5 

76. 5 

78.8 

75*8 

8 0.1 

8i .3 

81. 6 

82.1 

81.7 

B4.4 

85.6 

87.8 

89.6 

82.5 

129.9 

ti 


75.2 

78.5 

70.0 

74.0 

77.0 

77.5 

78.4 

79.9 

80.4 

80.9 

81.5 

B5.0 

86.7 

88.7 

90.4 

82.5 

129.9 

feC 

66.6 

85.7 

83.1 

76.5 

/D.6 

79. ^ 

75.4 

80.1 

81. 1 

83.2 

83.7 

84.5 

87.4 

89.1 

91.6 

92.8 

85.2 

132.6 

ion 

67.S 

H6 .0 

65. A 

bC.5 

bC.5 

82.9 

8^.5 

84.2 

84.5 

8o . 0 

86.5 

87.6 

89.4 

90.7 

93.0 

92.3 

87. 1 

134 ..5 


su. ^ 

5^.2 

51.7 

be. 5 

fco. 1 

do. 6 

8 5.4 

87.1 

du . 1 

87.7 

88. 1 

88. B 

90.2 

90.6 

91.7 

89.6 

88.6 

136.0 

H>C 

6 6.1 

bb.5 

6 7.7 

85.5 

82. V 

85.1 

84. / 

do. 1 

85.0 

86.2 

8o.2 

87.7 

87.2 

87.9 

89. L 

87.8 

86. 5 

133.9 


SC.S 

51 

6 / . 6 

fcb.2 

b0«5 

d2 . 7 

82. c 

82*6 

6 3.7 

84. 1 

84.0 

85 . b 

87.6 

87.9 

89. 1 

87.3 

85.8 

133.2 


51.3 

52.1 

85. 6 

85. d 

8h • 1 

o5. 3 

84.6 

84*8 

85.6 

86.8 

87.0 

88. 9 

89.6 

89.1 

89.5 

36.9 

87.8 

135.2 


53.3 

53.6 

5/f . 0 

52.1 

8u. 1 

8 6.6 

86. C 

86.3 

87.5 

88.0 

88.3 

89.7 

89.8 

69.8 

83.3 

86.7 

89.0 

136.4 

hUC 

55.7 


53.6 

53.1 

do . ^ 

88.5 

8 7. 5 

b 8 ♦ 1 

89.4 

90.1 

91.2 

92.2 

91.6 

90.9 

89*2 

87.5 

90.6 

138.2 

•jJO 

5^.2 

55.7 

5:). 7 

5H.5 

di). 2 

8b. S 

89. 1 

85.2 

9 J. 5 

91.9 

92.4 

93.3 

92.6 

91.4 

89.2 

87.3 

91.7 

139.1 

630 

S3. 6 

55.3 

5b. C 

55.3 

85.3 

89.6 

8S. 6 

90. 1 

92.5 

93.8 

94.0 

95. 1 

95.3 

92.0 

89*5 

87.7 

93.0 

140.4 

HOC 

S5. 1 

5o • 2 

56. 1 

5/.1 

50. 5 

9 1.7 

91.9 

93.2 

94. 9 

95.9 

96.4 

97.8 

97.2 

93.6 

90.4 

86 . 6 

95.1 

142.5 

1000 

S7.^ 

5H.I 

5 7. 9 

55*2 

5*1. 5 

55. 5 

54.0 

94. 7 

5 o * 2 

96.9 

98.2 

99.7 

99.1 

95.1 

92.6 

90.3 

97.0 

144.4 


ICi.ti 

105.3 

106.8 

165.0 

102. 3 

105.2 

105.3 

101.8 

102. J 

103.0 

104*2 

106.0 

106.2 

102.8 

98.7 

95.2 

104.8 

152.2 

loUO 

56. C 

5d. 5 

Sfc.b 

55.7 

93.2 

95.2 

93.5 

94.9 

97. 7 

90.4 

100.4 

102.2 

101.4 

96.0 

94. 7 

92.3 

98.4 

145.8 

;>oon 

56.7 

55.7 

55. 7 

160.7 

55.9 

93.1 

54.4 

95.9 

9b. U 

98.5 

100.2 

102.6 

102.0 

97.0 

94.2 

91.1 

99. 1 

146.5 

?oU0 

101 .0 

10P.5 

103.5 

1 J^.5 

5 5.2 

lOO. 0 

5 7.4 

98.2 

13 0.4 

99.2 

1J1.2 

133*1 

103.0 

99.0 

95.4 

91.6 

101.3 

148.7 

31 bC 

SS . 6 

55. b 

5 5.8 

101 • 1 

5 5.0 

95.6 

55.6 

9u.i 

98*0 

9b.O 

100.8 

101.6 

lUi.O 

S7.3 

94.5 

90.7 

99.2 

146.6 

<«onc 

S 6 . ^ 

55.0 

55. 0 

101.2 

>5.7 

5 3.0 

95.2 

94. 5 

9o * 9 

98.5 

99.4 

99.5 

99.9 

96.5 

93.2 

90.2 

98.5 

145.9 

50 OC 

56.7 

5B.0 

58.2 

56.8 

53.7 

95.5 

92.0 

93.3 

95.7 

97.2 

97.8 

97.5 

99.2 

95.2 

92.5 

86.5 

97.4 

144.8 

6 lUO 

S6 . 6 

56.5 

5 6.8 

5 / .5 

52.0 

53. 1 

91.5 

91.8 

95.1 

95.4 

97.6 

96.0 

97.9 

94.6 

9L.6 

88.9 

96. 8 

144.2 

HO 00 

S5.5 

56.5 

55.8 

56.0 

9 J. 6 

52.6 

90.5 

91.6 

94. 1 

95.0 

96.3 

94*0 

97.0 

93.8 

91.1 

87.6 

96.4 

143.8 

ICijOO 

53. d 

55.6 

53*8 

92.3 

8 8.6 

50.6 

86. b 

89*3 

9i.9 

92.6 

94.4 

90. 1 

94.3 

91.1 

89. 1 

85.9 

95.0 

142.4 

W500 

5 3.0 

5^.2 

5/. 

96.1 

o7. 7 

89.5 

8 7.9 

88.5 

91.4 

92.2 

93.5 

88*1 

93.7 

9C.5 

88*5 

85.5 

95.5 

142.9 

uoou 

H5 .6 

50.2 

8 8.2 

85.3 

85.2 

bo . 2 

84.5 

85.2 

87.7 

91.1 

90. 8 

82*8 

91.1 

87.8 

85.8 

63.5 

94.4 

141.8 

/CuOO 

6b./ 

87.1 

85. L 

7 7.5 

80.2 

82.7 

8 1 * 1 

81.2 

o4.2 

88.6 

o7.2 

77.2 

87.6 

84* 7 

82*9 

81.0 

93.7 

141.1 

liVPKAl L 

1 10.5 

111.3 

111.8 

1 IJ.l 

107. C 

lUb. 7 

108. 1 

16 1.2 

108.9 

109.5 

ill* 0 

112.1 

112.2 

108.7 

106.3 

o 

o 

110. 7 

158.1 

UrSTANLc 






S lOcL iNt 

PEHCElVtU NOISE LEVELS 








ll^.J M 

6 7.5 

5 8.7 

1J5.1 

1 C 7 . 6 

iJ5. 1 

10 8.4 

106. 1 

106. 8 

iJ9* 0 

108.8 

110. 0 

U0.3 

109.1 

103*6 

93.1 

90.4 



15/.^ H 

63.5 

54.7 

100*5 

105.5 

lOo. 8 

lUd.2 

103.6 

iOj.7 

108.8 

105*6 

106. 7 

107.1 

105.8 

100.2 

94.5 

86.6 



30 ^ • t 

/I .7 

d5 .3 

50.6 

55.2 

52.0 

54.6 

9 5. i 

95.4 

97.5 

97.3 

98.2 

98.6 

96.9 

91.0 

84.8 

76.6 





[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2xl0'“5 Pa; PWL referenced 
to 0.1 pW.] 

(e) 100 Percent speed; fan physical speed, 257^ rpm 


FHfeCLFNf V 








AM,Lt. UcO 








SIMPLE 

SOURCE 

POWER 

LEVEL 


10 

20 

30 

4J 

50 

60 

70 

bO 

90 

100 

uo 

120 

130 

140 

150 

160 

SPL 

(PWU 




1/3-UGTAWt BAMU SCUNO PRESSURE 

LEVELS 

(SPL) 

ON JO. 5 METER RADIUS 





5C 

81 *9 

7S.7 

8C.9 

71.6 

78.4 

81.6 

81.1 

b2. 1 

83.2 

83.4 

83.7 

83.3 

66.1 

67.1 

89.4 

90.6 

84. 1 

131.5 


b0»0 

BO.B 

19.3 

71.0 

7/.0 

79.5 

79.3 

78.8 

bO.i 

82.0 

82.8 

63.6 

87.2 

88.5 

91.2 

91.6 

84. 3 

131.7 

AO 

88*3 

Bb.i 

83.5 

75.3 

77.0 

80. 0 

7S.5 

81.0 

82.8 

83.2 

84.8 

86.6 

89.3 

b 9 .8 

93.5 

93.4 

86. 4 

133.8 

lOG 

88. C 

B6.S 

b8. 5 

81.7 

81.4 

0 4.2 

84.2 

85.0 

86.2 

b 7.4 

db . J 

89.3 

91.0 

92.5 

94. 7 

94.4 

88*7 

136.1 


SI •;» 

93.2 

91.4 

8 7.4 

d6. 5 

b/.9 

87. 0 

80.9 

87. 9 

89.0 

89.5 

90.6 

91.9 

91.5 

93.4 

91.6 

89. 6 

137.2* 

lAC 

b S • 3 

90.6 

8 9 . 6 

b5. 6 

b4. b 

h5.6 

86.3 

85.6 

86.9 

86.6 

87.8 

89.0 

89.4 

B9.8 

91. 1 

89.3 

87.9 

135.3 

;^oc 

SI 

9^.1 

bS. 4 

86. S 

82.9 

8 3.9 

8 3.2 

83. 7 

tin. 7 

85.2 

06 . 4 

87.6 

89.6 

89. b 

91. 1 

as.i 

87. 3 

134.7 

/bO 

SI *d 

92.1 

90. 1 

bS . D 

b . 5 

85 . b 

o5. J 

fc6. 3 

80.8 

87.5 

8b. I 

90.4 

9 0.8 

90.1 

90.3 

8 8.3 

88.6 

136.0 

31‘ 

S3.1 

93.6 

91.5 

91.6 

bu. 0 

b/.3 

86.8 

87. 1 

do. 0 

89.0 

89.0 

91.2 

91.1 

90.8 

90. 6 

87.9 

89. 7 

137.1 

‘•GC 

Sh • *) 

S4.0 

93.0 

93.7 

cl / • 5 

bb. / 

8 t • 2 

89.0 

90. 0 

90.8 

9^.. 0 

93.1 

92.5 

91.8 

90. i 

88.0 

91. 3 

138.7 

•>00 

S4 .4 

93.7 

93.9 

94. 7 

80.9 

90.6 

90.2 

90. 7 

91.7 

93.1 

93.4 

94.0 

93.1 

92.0 

90.0 

87.9 

92.4 

139.8 

630 

S3.d 

94.2 

94. / 

95.2 

89.8 

90.7 

90. 5 

91.3 

93.0 

94.2 

94. 7 

95.1 

94.5 

91.7 

90.2 

88.1 

93.2 

140.6 

HOO 

Sb.O 

9b. 3 

95. b 

96. .8 

90.3 

91.7 

92. C 

93.8 

95.2 

96.3 

96. 5 

9 7.4 

96.5 

92.8 

90.8 

aa.9 

95.0 

142.4 

1000 

Sb. 5 

95.8 

96.7 

9fa.5 

92.5 

93.4 

94. C 

95.5 

96. b 

97.2 

9 7.8 

99.4 

98.2 

94.3 

92.0 

89.7 

96.6 

144.0 

Ji'SO 

1 C6.6 

106.0 

iCb.3 

110.0 

103.8 

107. C 

105.8 

104.0 

i02. 3 

104.0 

106.2 

10 7.3 

108.5 

103.8 

101.8 

97.6 

106.3 

153.7 

ItiOG 

S7.7 

97.5 

Sb.2 

99. / 

94.2 

95.2 

95.0 

96.0 

98.3 

98.0 

101.2 

102.1 

101.7 

97.2 

95.3 

92.4 

98. a 

146.2 

;>ooc 

Si. 1 

97.9 

9b. 6 

99.4 

93. 8 

94. 1 

94.4 

96. 8 

98.0 

99.4 

10 1. 3 

102.7 

101.8 

97.4 

94.8 

91.2 

99. 1 

146.5 


ICl. 1 

102.3 

1 J2. 1 

105.6 

99. 6 

99.9 

99.1 

iJJ.i 

iJi. i 

IJD.I 

102.6 

104.1 

103.6 

99.3 

96.4 

92.4 

102.0 

149.4 

31 so 


9b. / 

S8. / 

100.5 

93.8 

95.0 

95. C 

9 7.5 

99.5 

99.5 

101. d 

102.6 

101.8 

97.8 

95.5 

91.3 

99.8 

147.2 

^000 

SU.O 

9H.5 

98.4 

101.4 

95.2 

90 . 0 

94. 8 

9c. 0 

98. 2 

100.0 

1JJ.7 

10 1.0 

100.9 

97.4 

94.5 

91.3 

99.4 

146*8 

^ooc 

Sb.8 

96.8 

97.1 

98.6 

93.0 

94.5 

9^:. 5 

95.0 

97.0 

S b . 6 

99.3 

98.6 

luo.o 

96.1 

93. 5 

89.2 

98. 1 

145.5 

t 30C 

S5.3 

95.8 

95.8 

96.7 

91.8 

93. 1 

9 1. 9 

93.3 

9 6.0 

96.9 

99. 1 

97.5 

98.9 

95.9 

92.8 

89.9 

97.6 

145.0 

8000 

S4./ 

94.9 

94.4 

95.0 

90.2 

92.1 

91. 1 

92.9 

95.6 

96.4 

9b. 1 

94.9 

97.5 

94.4 

92.2 

88.9 

97. C 

144.4 

IGUOO 

S2.*> 

93.0 

92.3 

91.0 

8 7.0 

90. 1 

O S. 3 

90.6 

^3. 1 

94. 3 

S6. 1 

9 1.5 

95.1 

92.1 

90.5 

86.8 

95.7 

143.1 

J>*>UC 

SI .5 

92.4 

90. 7 

tib.a 

bo. 7 

b9.4 

b 8. 5 

90.2 

92. 7 

94.0 

95.2 

68. B 

94.7 

91.9 

89.7 

86.7 

96. 3 

143.7 

16000 

87.7 

Hti.4 

86.5 

82.b 

63. 1 

86. 1 

85.4 

86.7 

89.2 

92.6 

92. 1 

63. 8 

91.9 

88.9 

66. 7 

84.6 

95.2 

142.6 

;oooo 

82.7 

tib.O 

8? .2 

76.2 

79.0 

82.0 

81. 7 

82.5 

bo. 4 

90.0 

8B.9 

7 ti . 6 

o b . 9 

85.7 

83.9 

82.1 

94.7 

142.1 

avFkAil 

1 10. S 

110.9 

ill. 9 

113.5 

108.5 

109.6 

lUb. 7 

lOd.8 

109. I 

110.6 

112.J 

112.6 

113.2 

109.5 

107.9 

105.2 

111.5 

158.9 

0IS1ANLF 






S lOEL INE 

PERCElVtU NUISt LEVELS 








114*3 H 

8H.S 

98. 3 

103.5 

108.1 

104.5 

lUo. 7 

106. b 

108.4 

1U9. 8 

109.8 

m.i 

ill. 2 

109.7 

104.2 

99.2 

91.3 



lr>;*4 K 

84 . 7 

9h.4 

loc.o 

104.7 

101.2 

103. 6 

103. 7 

105.2 

LUa. 7 

106.6 

1G7.9 

108.0 

106.5 

100.8 

95.7 

87.5 



304 *6 M 

73. 1 

84.3 

9C.9 

95.5 

92.9 

95.6 

95.8 

96.9 

98.3 

98.2 

99.5 

99.5 

9 7.6 

91.6 

86.7 

78.0 





TABLE VI. - ACOUSTIC DATA FOR STOL QF-8 FAN WITH 115 PERCENT- OF ^DESIGN- AREA NOZZLE 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2xl0“5 Pa; PWL referenced 
to 0,1 pW.] 

(a) 70 Percent speed; fan physical speed, iShh rpm 


FREOUENCY 








ANGLEf DEG 








SI HPLE 

POkER 


















SOURCE 

LEVEL 


10 

20 

30 

4C 

50 

60 

70 

80 

90 

100 

110 

120 

13C 

140 

150 

160 

SPL 

(PWL) 




1/3-OCTAVE BAND SOUND PRESSURE 

LEVELS 

(SPU 

CN 30.5 METER RADUS 





50 

n.6 

69.1 

69.1 

7C.1 

66.9 

68.4 

69.6 

70.1 

70.7 

71.4 

71.9 

69.0 

73.1 

72.7 

75.2 

76.1 

71.3 

118.7 

63 

75.1 

71.3 

68.8 

68.4 

66.1 

69.8 

69.6 

68.8 

63.9 

69.4 

71.6 

70.0 

73.8 

75.1 

75.6 

77.0 

71.5 

118.9 

80 

7C.1 

69.9 

68.4 

67.1 

64.4 

65.7 

66 .6 

67.1 

68.4 

69.7 

71.6 

71.3 

74.9 

75.6 

76.9 

77.6 

71.5 

118.9 

100 

75.9 

74.7 

75.5 

73.4 

65.9 

73.2 

72.4 

72.7 

74.2 

74.0 

75.4 

76.0 

77. C 

76.2 

78.0 

78.6 

75.1 

122.5 

125 

77.9 

79.4 

79.4 

78.4 

73.7 

76.4 

75 .5 

74.2 

76.0 

76. 

77.5 

77.1 

77.7 

78.0 

78.4 

77.4 

77.0 

124.4 

160 

76.7 

78.4 

77.0 

76.5 

70.9 

74.0 

72.9 

73.5 

74.5 

74.9 

75.9 

76.3 

76.5 

76.4 

76.2 

75.8 

75.4 

122.6 

200 

75. 6 

75.6 

76.6 

74.3 

7C.4 

71.9 

71.6 

71.9 

72.8 

73.6 

74.1 

74.8 

76.1 

76.1 

75.9 

75.0 

74.5 

121.9 

2 50 

80.6 

Bl.6 

79.0 

78.3 

74.1 

75.6 

74.0 

74.3 

75.6 

76.6 

76.8 

78.4 

78.6 

78.8 

76.5 

75.0 

77.1 

124.5 

315 

84.1 

83.2 

79.9 

79.1 

74.4 

76.2 

75.1 

75.2 

76.4 

77.4 

79.1 

79.0 

79.4 

78.7 

76.6 

75.1 

78.1 

125.5 

400 

84.8 

83.5 

83.3 

81.0 

76.5 

78.3 

77.1 

77.8 

79.5 

81.0 

82.3 

82.7 

62. C 

81.0 

77.6 

75.5 

80.7 

128.1 

500 

83.4 

84.4 

83.4 

82.4 

77.7 

78.7 

77.9 

77.9 

80. 1 

81.6 

82.7 

62.8 

62.7 

81.4 

78.1 

76.1 

81.2 

128.6 

630 

84.4 

85.8 

84.9 

83.6 

78.6 

79.8 

78.9 

79.8 

81.6 

83.6 

84.9 

84.7 

65.1 

82.4 

79.3 

*77.0 

82.9 

130.3 

800 

53.7 

92.5 

92.0 

52.7 

87.5 

88.7 

85.8 

85.0 

87.5 

89.8 

89.8 

92.6 

94.7 

92.8 

88.5 

85.0 

90.6 

138.0 

1000 

59.0 

97.0 

96.9 

98.4 

93.7 

94.4 

91.2 

90.0 

91.9 

94.2 

93.4 

96*6 

100.2 

97.9 

93.7 

90.1 

95.6 

143.0 

12 50 

89.8 

9C.3 

89.5 

86.0 

82.7 

63.3 

81.5 

82.5 

85.7 

87.5 

89.3 

90.4 

91.3 

89.0 

84.7 

82.2 

6 7. 8 

135.2 

1600 

52.4 

92.5 

52.7 

91.5 

86.4 

87.5 

84.4 

85.0 

88.4 

89.7 

91.7 

92.6 

94.7 

92.0 

87.2 

84.4 

90.7 

138.1 

2000 

55.2 

96.4 

96.6 

95.6 

90.6 

91.9 

87.7 

88.4 

90.4 

92.1 

93.7 

95.0 

96.2 

96.4 

90.6 

87.0 

94.0 

141.4 

2500 

52.7 

93.6 

94.4 

92.7 

86.9 

88.4 

85.6 

85.4 

87.9 

90.1 

91.6 

93.2 

95.1 

92.1 

87.1 

63.5 

91.4 

138.8 

3150 

52.4 

93.3 

94.1 

92.8 

87.0 

88.6 

85.1 

84.8 

87.6 

90.3 

91.8 

92.9 

94.6 

92.3 

87.6 

83.7 

91.5 

138.9 

4000 

91.0 

92.2 

93.0 

93.4 

86.4 

87.5 

33.4 

82.7 

86.7 

89.0 

91.4 

90.8 

93.2 

93.2 

87.5 

83.3 

90.8 

138.2 

5000 

88.7 

91.1 

91.2 

90.6 

84.9 

85.2 

81.7 

80.4 

83.5 

85.2 

88.4 

07.4 

91.1 

86.7 

84.7 

60.2 

88.4 

135.8 

63 CO 

67.8 

88.9 

88.3 

50.5 

83.5 

83.5 

80.0 

77.9 

62.1 

83.6 

86.6 

e4«e 

69.4 

67.3 

82.7 

78.6 

87.2 

134.6 

8000 

86.7 

87.8 

83.2 

89.2 

82.2 

82.7 

79.2 

76.7 

79.2 

81.5 

84.0 

82.5 

67.8 

84.8 

79.8 

76*6 

86.3 

133.7 

10000 

85.2 

86.9 

85.9 

87.2 

80.5 

80.4 

77.2 

74.4 

77.9 

79.2 

63.0 

79.2 

65. 0 

82.7 

78.5 

74.0 

85.3 

132.7 

12500 

84.5 

86.5 

84.3 

87. C 

8C.4 

79.5 

76.3 

73.2 

76.5 

78.5 

61.8 

76.7 

64.2 

81.5 

77.5 

74.0 

65.9 

133.3 

16000 

82.1 

82.8 

80.4 

83.1 

78.3 

76.6 

72.9 

69.6 

72.9 

75.3 

78.7 

71.1 

80.8 

77.9 

74.1 

70.7 

84.3 

131.7 

20000 

60.2 

8C.5 

77.1 

80.7 

76.0 

73.9 

70.3 

67.4 

69.8 

72.6 

75.1 

66.0 

78.3 

75.3 

71.4 

68.3 

84.4 

131.8 

OVERALL 

1C4.0 

104.1 

104.1 

104.1 

58.7 

99.6 

96.4 

96.0 

98.5 100.5 

101.8 

1C3.0 

1C5.7 

1C3.9 

99.0 

95.8 

102.2 

149.6 

CISTANCE 






SIDELI NE 

PERCEIVED NOISE LEVELS 








114*3 H 

€1.0 

91.2 

55.5 

58.1 

94.7 

97.3 

94.8 

95.3 

97.8 

99.7 

100.8 

ICO. 7 

102. C 

96.4 

90.5 

82.6 



152.4 M 

76.6 

87.3 

92.4 

94.7 

91.5 

94.1 

91 .6 

92.2 

94.8 

96.5 

97.5 

97.5 

98.8 

95.1 

67.0 

78.8 



304.8 M 

65.1 

76.7 

82.8 

85.6 

82.8 

85.7 

83.4 

84.2 

86.7 

88.3 

89.3 

89.2 

90.2 

86*2 

77.5 

68.3 




00 



-a 

4:^ 


TABLE VI 


Continued 


[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2xi0“5 Pa; PWL referenced 
to 0.1 pW.] 

(h) 80 Percent speed; fan physical speed, 2107 rpm 

FREQUENCY ANGLE* DEG SI HPLE POkER 

SOURCE LEVEL 



10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

12 c 

13C 

140 

150 

160 

SPL 

(PWLI 




1/3-OCTAVE BAND SOUND PRESSURE 

LEVELS 

(SFLl 

CN 30.5 METER RAOILS 





50 

74.3 

71.3 

73.0 

73.3 

69.8 

71.8 

73.5 

73.5 

74.7 

75.3 

74.8 

74.4 

76.3 

76.3 

79.3 

80.7 

75.2 

122.6 

63 

73. B 

73.7 

72.5 

72.8 

70.3 

72.5 

73 .8 

72.8 

73.5 

74.5 

74.3 

74.9 

78.3 

79.2 

81.0 

82.2 

75.8 

123.2 

80 

74.6 

74.1 

72.9 

71.1 

69.3 

71,3 

71 ,9 

72.4 

73.3 

74.8 

75.9 

76.3 

79.6 

EC. 4 

62.1 

82.5 

76.4 

123.8 

ICO 

79.6 

78.5 

78.1 

77.8 

75.6 

76.0 

75 ,6 

76,8 

77.8 

79.1 

eo.o 

60. C 

62. C 

8 3.5 

83.6 

83.3 

79.6 

127.0 

125 

81.8 

63.3 

83.4 

02.4 

76.6 

79.4 

77.3 

78.6 

79.4 

80.1 

81.8 

81. 0 

81.8 

8 2.9 

83.1 

81.6 

60.9 

128.3 

160 

82.1 

81.5 

80.8 

80. 1 

74.5 

77.1 

75 .3 

78 .1 

77,8 

78.8 

79.5 

8C.1 

60. C 

8C.5 

80.6 

79.7 

79.1 

126.5 

2 00 

83.1 

83.1 

80.3 

78.6 

74. 8 

75.6 

75 .8 

76 .6 

75,8 

77.4 

78.1 

78.9 

60.6 

8C.4 

80.8 

79*8 

78.6 

L26.0 

2 50 

65.0 

84.8 

83.5 

84.0 

80.0 

82.0 

73.1 

7 7.8 

79.0 

80.1 

81.5 

82.2 

83*6 

82.0 

60.6 

79.5 

81.5 

126.9 

315 

66. 8 

86.0 

84.5 

84.1 

78.8 

80.0 

78.6 

78.8 

79.8 

60.8 

82.1 

62.7 

83.1 

82.6 

eo.e 

79.0 

81.8 

129.2 

400 

88.1 

86.7 

86.2 

84.9 

79.2 

80.9 

80.6 

81.4 

82.4 

84.2 

85.2 

86.3 

85. I 

83.7 

81.1 

79.4 

83.9 

131.3 

500 

66.9 

87.4 

86.2 

85.6 

80.4 

80.9 

8D.2 

81.4 

02.9 

84.7 

86.2 

86.2 

65.4 

83.9 

80.7 

“79.3 

64*2 

131.6 

6 30 

66.6 

07.6 

87.6 

86.6 

62.1 

82.8 

82.0 

83.0 

84. 1 

87.0 

67. 6 

67.2 

67.3 

85.5 

61.8 

80.0 

85.6 

133.0 

800 

89.2 

09.7 

69.2 

88.0 

82.8 

83.8 

83.8 

84.5 

86.8 

89.0 

90.7 

90.6 

90.2 

86.3 

84.2 

82.7 

88.0 

135.4 

1000 

100.1 

100.8 

101.3 

101.3 

96,8 

100.4 

95.8 

95.1 

96. 3 

97.8 

99.8 

too. 9 

105.1 

101.3 

96.9 

94.2 

99.9 

147.3 

12 50 

93.4 

93.6 

93.9 

93.3 

88.4 

90.6 

87.8 

87.8 

90.1 

91.6 

93.8 

94.5 

96.3 

93.1 

89.1 

87.0 

92.4 

139.8 

1600 

93.4 

92.9 

93. C 

92.2 

87.2 

88.4 

86.5 

87.4 

90.5 

92.0 

94.4 

94.8 

96. C 

91.9 

87.2 

86.3 

92. L 

139.5 

20 00 

57.3 

98.7 

99.7 

98.7 

93. 3 

95.2 

92.7 

9 2.0 

93.5 

95.5 

97.3 

99.1 

ICl.C 

97.3 

92.2 

69.2 

97.0 

144.4 

2500 

54.2 

94.5 

95. 9 

94.5 

89.0 

90,9 

88.7 

89.2 

91.4 

93.7 

95.2 

96.5 

97.7 

93.7 

88.9 

86.5 

94.0 

141.4 

3150 

55.8 

96.5 

97.7 

97.3 

91.7 

93.8 

91 .2 

90.5 

92.7 

95.0 

96.5 

97.3 

99. C 

96.0 

90.5 

87.9 

95.8 

143.2 

40 00 

53.8 

94.4 

95.3 

95.6 

88.8 

90.6 

87 .9 

87.4 

91.3 

92.6 

94.8 

94.2 

96.3 

94.4 

89.3 

86.1 

93.7 

141.1 

5000 

91.6 

93.6 

93.6 

93.3 

88.0 

89.0 

86.5 

86.0 

88.6 

90.1 

93.1 

92.1 

94.8 

91.3 

87.6 

64.1 

92.1 

139.5 

63C0 

51.2 

91.7 

91.5 

93.7 

87.0 

87.5 

85.4 

83.3 

86.8 

69 .0 

91.5 

69.5 

93.'5 

9C.3 

85.6 

82.3 

91.2 

138.6 

8000 

85.9 

90.7 

91.4 

92.5 

86. 0 

86,7 

84.2 

8 2.0 

84.0 

86.8 

89.2 

86.9 

92.2 

86.0 

63.2 

80.4 

90.3 

137.7 

100 00 

88.6 

69.8 

88.7 

90.6 

84.4 

84.8 

82.4 

79.8 

82.8 

84.4 

88.3 

83.6 

89.2 

86.1 

81.4 

78.9 

89.3 

136.7 

12500 

86.1 

89.3 

87.4 

90.4 

64.3 

83.4 

81 .4 

79.1 

82. 1 

84.3 

£7.1 

8 1.6 

88.9 

85.1 

81.1 

78.3 

90.0 

137.4 

160 00 

85.1 

85.8 

83.4 

66.6 

81.9 

79.9 

77.9 

75.8 

77.9 

80.4 

83.9 

76.0 

85.6 

82.1 

77.4 

75.2 

86.4 

135*8 

200 00 

83.4 

83.4 

80.3 

64.0 

79.2 

77.4 

75 .2 

73.2 

75.2 

78.1 

80.5 

7C.9 

62.3 

79.2 

74.9 

72.5 

88.3 

135.7 

OVERALL 

105.8 

106.5 

107.0 

106.9 

101.6 

103.9 

100.7 

100.3 

102.2 

104.0 

1C6.0 

1C6.6 

1C9.2 

105.0 

101.5 

99.1 

105.6 

153.0 

CISTANCE 






SIDELINE 

PERCEIVED KCISE LEVELS 








114.3 M 

83.2 

93.5 

58.7 

101.2 

97.8 

101.0 

99.5 

99.6 

101.9 

103.8 

105.0 

104.6 

lOS.O 

ICC.l 

92.6 

85.5 



152.4 M 

78.5 

89.6 

95.2 

97.7 

94.4 

97.7 

96.3 

9 6.4 

98.7 

100.6 

101.8 

101.3 

101.8 

96.6 

89.1 

81.8 



304. 8 M 

66.7 

79.0 

85.6 

88.6 

85.6 

89.1 

87.8 

88.1 

90. 1 

92.0 

93.1 

93.0 

93.2 

87.6 

79.7 

72.0 




Table VI. - continued. 


oT3!l hunddity; SPL referenced to 2x10-5 P^; PWL referenced 


(c) 90 Percent speed; fan physical speed, 2370 rpm 


FREQUENCY 








ANGLE* DEG 







SI MPLE 

POWER 


















SOURCE 

LEVEL 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

12C 

130 

140 

150 

160 

SPL 

(PNLI 




1/3-OCTAVe BAND SOUND PRESSURE 

LEVELS 

ISPL) 

CN 

30.5 HETER RADIIS 





50 

77.8 

74.1 

76.3 

75.5 

74.1 

76.3 

76 .8 

76.9 

78.4 

78.1 

79.3 

?€.2 

£0.6 

82.6 

84.6 

86.3 

79.4 

126.8 

63 

75.1 

76.6 

75.4 

75.9 

72.9 

75.1 

75 .1 

75.4 

76.1 

77.1 

79.1 

78.7 

82.1 

83.9 

85.8 

86.5 

79.6 

127.0 

eo 

78.4 

77.4 

75.1 

74.6 

72.1 

74.6 

75.1 

75.1 

76.6 

70.4 

79.6 

eo.7 

83.9 

85.9 

€7.4 

88.3 

ai.G 

128.4 

100 

81.3 

79.9 

80.1 

79.9 

75.9 

78.6 

77.4 

79.4 

80. 3 

82.1 

83.6 

84.5 

€5.8 

€7.4 

88*8 

88.6 

83.3 

130.7 

125 

84.7 

86.4 

86.0 

04.2 

8J.5 

82.0 

83.7 

82.0 

82.2 

84.2 

84.9 

05.3 

86.5 

86.9 

87.5 

86.8 

84.5 

131.9 

160 

84.3 

64.3 

84.3 

82.3 

78.3 

79.9 

80.4 

81.3 

82.3 

82.4 

83.1 

84.0 

€3.9 

84.6 

85.3 

84.5 

82. 8 

130.2 

200 

65.6 

85.6 

82.5 

80.3 

76.6 

78.9 

79.1 

79.3 

80.1 

80.8 

81.6 

82.7 

€3.9 

84.9 

85.3 

84.2 

62.0 

129.4 

250 

87.6 

07.3 

86.0 

84.8 

8C.5 

81.0 

30.8 

31.0 

82.0 

83.3 

84.5 

85.1 

86.3 

85.8 

85.0 

83.7 

84.0 

131.4 

315 

€9.1 

08.0 

88.8 

88.3 

83.5 

86.0 

83.5 

82.6 

83.3 

84.1 

84.8 

85 .4 

€6.1 

88.1 

84.5 

82.8 

65.4 

132.8 

400 

89.4 

88.9 

90. 1 

88.1 

84.7 

86.7 

84 .6 

35.2 

85.4 

86.4 

€7.6 

€8.0 

87.7 

86.7 

84.7 

82.8 

66.9 

134.3 

5C3 

88.9 

89,2 

88.9 

87.7 

83.0 

85.0 

83 .7 

84.7 

85.9 

87.7 

89.2 

89.1 

87.7 

86.2 

64.4 

82.4 

87.0 

134.4 

633 

88.6 

88.6 

89.8 

88.8 

83.4 

85.3 

84.6 

85.3 

86.9 

88.8 

90.1 

89.5 

88.8 

87.1 

84.3 

82.7 

87.7 

135.1 

a 00 

51.1 

90.8 

90.6 

90.0 

85.0 

87,0 

86.8 

87.3 

89.1 

91.5 

92.5 

91.9 

91.3 

€€•5 

85.8 

84.2 

89.8 

137.2 

1000 

54.3 

94.1 

95.6 

95.6 

90.8 

93.1 

90 .6 

91.0 

91.9 

93.9 

95.6 

97.2 

98.8 

93.0 

90.0 

87.8 

94.5 

141.9 

12 50 

101.9 

101.9 

104.4 

105. 7 

100.5 

103.0 

99.7 

99.2 

98.2 

100.9 

103.4 

105.8 

IC8.2 

101.5 

97.7 

95.8 

103.2 

150.6 

1600 

53.2 

93.0 

93.7 

92.8 

87.5 

89.5 

86.3 

89.8 

92.5 

94.3 

95.8 

96.6 

97.3 

91.8 

89.0 

87.2 

93.5 

140.9 

2000 

54.5 

95.0 

96.5 

95.7 

89.8 

91.8 

90.5 

91.8 

94.0 

95.7 

97.7 

99.3 

99.7 

93.7 

90.0 

87.9 

95.7 

143.1 

2500 

58.3 

99.7 

101.7 

101. C 

55.0 

97.0 

96.0 

95.7 

96.5 

98.0 

99.0 

101.9 

1C3.C 

96.8 

93.3 

90*3 

99.2 

146.6 

3150 

55.7 

96.0 

57.5 

96.7 

9C.7 

93.2 

91.5 

93.1 

95.2 

97.4 

99. 1 

99.8 

1CC.4 

95.6 

91.9 

€6.8 

97.1 

144.5 

4000 

95.1 

95.8 

96.9 

97.6 

90.6 

93.1 

90.2 

91.9 

94.6 

96.2 

98.1 

97.5 

99.2 

95.6 

91.8 

88.5 

96.4 

143.8 

5000 

92.6 

94.8 

55.4 

95.1 

89.1 

91.4 

89.1 

89.7 

92.4 

93.6 

96.9 

95.6 

97.8 

93.1 

90.3 

86.6 

94.9 

142.3 

63C0 

92.2 

92.8 

92.6 

95.5 

88.7 

89.5 

87.8 

87.8 

91.6 

92.8 

95.9 

93.8 

96«€ 

92.8 

89.1 

85.2 

94.3 

141.7 

8000 

5C.7 

91.7 

92.5 

94, C 

87.0 

88.7 

86.2 

86.5 

88.5 

91.4 

93.4 

91.0 

95.7 

9C.7 

86.3 

83.8 

93.2 

140.6 

lOOQO 

88.9 

90.3 

89.4 

91.8 

85.3 

86.4 

84 .4 

34.1 

87.3 

88.8 

91.9 

87.1 

92.7 

88.8 

84.6 

81.0 

91.9 

139.3 

12500 

86.2 

89.7 

88.5 

91.5 

84.7 

85.4 

83.7 

82.9 

86.5 

88.5 

90.9 

€5.6 

92.2 

88.0 

84.0 

80.7 

92.6 

140.0 

16000 

84.8 

85.9 

84.0 

87.6 

81.9 

81. 6 

80.4 

79.4 

82.7 

85.1 

87.8 

79.8 

89.1 

85.1 

80.9 

78.5 

91*0 

136.4 

20000 

83.0 

83.0 

80.0 

85.0 

79.6 

78.7 

77.4 

77.5 

79.7 

82.2 

84.7 

74.8 

86.2 

82.0 

76.0 

75.7 

90.8 

138.2 

OVER ALL 

JC7.0 

107.4 

1CB.9 

109.4 

103.8 

106.1 

103.7 

103.9 

105.0 

106.9 

1C8.9 

ilO.l 

111.9 

1C6.5 

103.4 

101.5 

IOB.2 

155.5 

DISTANCE 






SIDELINE 

PERCEIVED KCISE LEVELS 








114.3 H 

€4.5 

95.0 

101.2 

103.8 

100.0 

103.4 

102.8 

103.6 

105.0 

106.6 

107.8 

108.1 

1C8.G 

101*1 

95.1 

67.9 



152.4 M 

80.2 

91.0 

97.6 

100.3 

96.7 

100.2 

99.7 

100.4 

101.9 

103.4 

104.6 

104.9 

104.7 

97.7 

91.5 

64.3 



304. e M 

68.4 

80.1 

87.6 

91.1 

88.0 

91.9 

91.3 

92.1 

93.5 

95.0 

95.8 

96.4 

95.9 

88.5 

62.1 

74.7 




Ol 



-q TABLE VI, - Continued. 

CD 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2xl0~5 Pa; PWL 
to 0.1 pW. ] 

(d) 95 Percent speed; fan physical speed, 2502 rpm 


FREQUENCY ANGLEt OEG SIMPLE 

SOIRCE 



10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

lie 

12C 

13C 

140 

150 

160 

SPL 




l/3-OCTAVE BAND SCUNO PRESSURE 

LEVELS 

(SPLi 

CN 30.5 METER RACKS 




50 

?9.9 

76.1 

78.1 

77.7 

75.2 

78.1 

79.2 

79.9 

00.6 

80.7 

80.7 

75.8 

62.5 

84.2 

86.7 

88.0 

81.4 

63 

76.9 

78.2 

76.9 

77.4 

74.4 

77.0 

77,4 

7 7.9 

70.7 

78.9 

80.2 

80.8 

84.2 

86. 7 

87.4 

88.9 

81.7 

80 

81.7 

81.7 

80.4 

79.1 

74.6 

76,1 

76.6 

77.2 

79.2 

80.2 

82.<i 

63.5 

65,5 

67.9 

89.7 

09.6 

03.2 

100 

62.9 

61.8 

82.1 

61.4 

78.1 

80.3 

80.1 

80.9 

62.6 

83.8 

85.4 

65.5 

66.4 

:«.i 

91,3 

91.0 

85.3 

125 

86.6 

88.4 

86.8 

85.4 

83.3 

04.t 

84.3 

84.1 

84.4 

86.4 

86.3 

86.7 

87.5 

88.9 

90.8 

88.5 

86.5 

160 

67.0 

86.5 

85.3 

84.1 

81.3 

83,0 

83.3 

8 3.0 

84.5 

84.0 

65.8 

85.7 

86.1 

67.0 

67.1 

86.2 

84.9 

200 

67.6 

86 .9 

84.4 

82. 6 

79.4 

80,8 

81 ,4 

01 .3 

82.3 

82.6 

63.8 

64.7 

65.5 

86,9 

87.6 

66.1 

84.0 

2 50 

68.4 

68.2 

86.6 

85.4 

82.1 

82.4 

81 .9 

83.7 

84. 1 

84.7 

85.7 

67.0 

67.7 

87.4 

07.4 

85.5 

85.5 

315 

69.9 

88.9 

89.2 

87.7 

84.2 

85,1 

83.9 

84.4 

85.2 

85.9 

87.1 

8 7.0 

67.6 

87.9 

06,9 

84.8 

86.5 

400 

9 1.2 

90.9 

90.6 

90.2 

89.9 

89.2 

86 .6 

88.1 

07.2 

88.2 

89.4 

69,5 

69,6 

ee.7 

67.4 

85.1 

89.0 

500 

91.2 

90.8 

90.7 

90, € 

88. 8 

89.2 

87.0 

88.0 

88. 5 

90.0 

90.8 

90.4 

65 .2 

66.3 

05.8 

85.1 

89.4 

6 30 

9C.4 

90.3 

91.1 

89.6 

85.4 

86.8 

86 .6 

87.1 

80.4 

90.3 

91.4 

5C.5 

65.5 

86.6 

86.3 

84.6 

89.1 

8C0 

91.9 

91.4 

92.3 

9C.9 

06.4 

87.9 

07.8 

89.1 

90.9 

92.9 

93.4 

52.9 

5 1.5 

5C.1 

87.4 

85.8 

91.0 

1000 

93.6 

93,3 

94.6 

94.3 

89.3 

90.6 

90.0 

9 1.0 

92. 8 

9A. 1 

54.8 

55.6 

95.6 

91.8 

89.5 

87.9 

93.3 

12 50 

105.0 

104.4 

108.0 

108.2 

103.2 

104.0 

102.7 

10 2.0 

102.9 

103.9 

104.4 

1C6.5 

107.4 

103,2 

101.4 

58.4 

104. 9 

1600 

94.5 

94.0 

95.4 

94.7 

89.7 

91.2 

90.5 

92.0 

94.0 

95.4 

57.2 

57.6 

57,5 

53.9 

90.7 

88,9 

94.8 

20 00 

94.9 

94.8 

95.4 

94.6 

89.3 

91.3 

90 .8 

92.4 

94.9 

96.2 

97.7 

95.2 

58.5 

93.7 

90.6 

88.7 

95.6 

2500 

ICC. 3 

100.7 

102.5 

101.7 

96.2 

98.7 

97.2 

97.3 

98.7 

99.3 

lOl.O 

102.3 

103.7 

56.0 

94.3 

92.4 

100.3 

3150 

95.6 

95.2 

96. 9 

96.1 

90.6 

92.7 

91.6 

93.7 

96.2 

97.7 

59.6 

ICC. 2 

ICC. 5 

56.1 

92.6 

89.8 

97.4 

40 00 

96.6 

96.7 

98.6 

99.2 

93.1 

95,4 

92.9 

93.7 

96. 7 

98.2 

99.9 

59.4 

101.4 

97.1 

93.2 

90.5 

98.3 

5000 

93.1 

94.8 

95.7 

95.1 

90.8 

91.9 

90.4 

91.1 

93.8 

94.9 

98.1 

56.7 

58.9 

94,1 

51.6 

87.6 

95.9 

6300 

92.3 

92.6 

92.7 

95. C 

89.4 

89.9 

88.6 

89.1 

92.9 

94.1 

57.6 

54.7 

57.8 

53.6 

50.1 

07.0 

95.2 

8000 

9C.9 

91.3 

92.1 

93.6 

87.6 

88.9 

87.6 

8 7.9 

89.8 

92.9 

94.4 

52.5 

56.4 

51,9 

88.1 

85.2 

94.0 

10000 

68.5 

89.7 

89.3 

90.8 

05.7 

86.5 

85.5 

85.2 

89.0 

90.0 

93.5 

68.6 

53.0 

5C.0 

86.2 

03.1 

92.8 

12500 

87.7 

68.8 

88.0 

90.3 

85.2 

85.5 

84.8 

84.3 

88.2 

90.4 

92.7 

66.5 

53.7 

65.3 

65.7 

82.7 

93.6 

16000 

84.5 

85.0 

83.2 

86.3 

82.4 

81.8 

81,2 

3 1,4 

84.5 

86.8 

89.5 

81.5 

50.7 

86.5 

82.5 

80.1 

92.1 

20000 

81.6 

81.7 

79.1 

82.8 

79.7 

78.7 

78.8 

78.9 

81.7 

83.6 

86.2 

76.4 

67.7 

63.8 

79.5 

77.3 

91.7 

OVER ALL 

IC0.7 

106.6 

110.8 

lie. 8 

105.8 

107.0 

105.7 

105.8 

107.4 

108 .6 

110.1 

110.7 

111.5 

107,8 

105.6 

103.4 

109.4 

CISTANCE 






SIDELINE 

PERCEIVED NOISE LEVELS 







114.3 H 

6 6.6 

95.9 

102.1 

104.5 

101.5 

104.6 

104.2 

10 5.2 

107.1 

107.9 

1C9.1 

108.8 

1C8,? 

102.3 

96.9 

90.0 


152.4 M 

82.4 

91.9 

98.5 

101.2 

98.4 

101.5 

lOl.l 

102.1 

103.9 

104.8 

105,9 

105.6 

105.3 

56.9 

93.5 

86.4 


304.6 H 

70.6 

81.8 

89.5 

92.7 

90.2 

92.9 

92.7 

93.8 

95.6 

96.4 

97,3 

57. C 

56.4 

85.9 

84.6 

76.8 



referenced 


POWER 

LEVEL 

(PWU 


128.6 

129.1 

130.6 

132.7 

133.9 

132.3 

131.4 

132.9 

133.9 

136.4 

136.0 

136.5 

138.4 

140.7 
152.3 

142.2 

143.0 

147.7 

144.8 
145.7 

143.3 

142.6 

141.4 
140.2 

14I..0 

139.5 

139.1 

156.7 


TABLE VI. - Continued. 

[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2xl0”5 pwL referenced 
to 0.1 pW. ] 

(e) 100 Percent speed; fan physical speed, 263k rpm 


FREQUENCY 








AKGLEt OEG 







SI HPLE 

POhER 


















SOURCE 

LEVEL 


10 

20 

30 

4C 

50 

60 

70 

80 

90 

100 

lie 

12C 

13C 

140 

150 

160 

SPL 

(PhD 




1/3-CCTAVE BAND SOUND PRESSURE 

LEVELS (SPL) CN ! 

30,5 METER RADIIS 





50 

62.8 

77.9 

80.3 

8C.8 

77.8 

84.3 

82.6 

86.6 

85.8 

84.8 

83.9 

83.2 

85.3 

8 7.3 

89.1 

90.5 

85.0 

132.4 

63 

78.6 

79.1 

79.3 

78.8 

76.5 

78.3 

78.8 

79.1 

79.6 

00.8 

82.1 

81.9 

85.8 

68.0 

89.6 

90.5 

83.3 

130.7 

80 

82.5 

81.3 

79.1 

78.6 

76.0 

79.5 

77.6 

78.1 

60.1 

62.3 

84.1 

84.9 

87.6 

9C.1 

91.6 

92*2 

85.0 

132.4 

100 

64.6 

83.5 

83.3 

83.0 

79.3 

81.5- 

81 .8 

8 3.0 

83.8 

85.8 

€7.0 

87.4 

89.5 

91.1 

92.6 

92.5 

86.9 

134.3 

125 

€7.4 

88.9 

87.4 

87.9 

83.6 

85.4 

84.9 

8 5.4 

86.3 

87.6 

87.6 

88.5 

90.1 

90.3 

92.3 

89.8 

87.9 

135.3 

160 

66.9 

87.4 

85.9 

85.4 

81.4 

84.4 

84.2 

84.5 

85.5 

05.5 

66.4 

87,3 

87.7 

€8.7 

69.2 

88.2 

86.2 

133.6 

2C0 

67.8 

87.8 

85.5 

64. C 

80.0 

82*8 

82.5 

82.8 

83.5 

84.5 

85.5 

86.1 

87.7 

88.7 

89.3 

87.7 

85.5 

132.9 

2 50 

89.3 

89.8 

88.1 

87.6 

82.6 

85.4 

83.9 

83.6 

85.3 

86.4 

87,1 

68.4 

89.1 

89.3 

88.8 

87.2 

87.0 

134.4 

315 

89.0 

88.9 

88.0 

87.0 

63.0 

85.5 

85.2 

85.2 

86.4 

87.2 

88.0 

68.8 

89.5 

88.9 

88.4 

86.6 

87.3 

134.7 

4C0 

90.8 

90.6 

89.9 

88.9 

84.6 

36.8 

87.4 

87.8 

88.1 

88.9 

SO. 4 

SC. 7 

SO. 3 

89.8 

88.6 

86.3 

89.0 

136.4 

500 

91.1 

90. 6 

90.5 

90.5 

86.6 

88.5 

88.0 

88.1 

89.6 

91.1 

92.1 

91.7 

90.5 

69.3 

88.0 

86.4 

90.0 

137.4 

630 

90.7 

90.2 

90.2 

90.3 

86.3 

88.6 

87.7 

88.7 

90.0 

91.7 

92.5 

91.9 

91.2 

89.7 

87.3 

86.2 

90.2 

137.6 

a 00 

92.0 

92.3 

91.6 

91.3 

87.1 

89.3 

89.5 

90.1 

92.6 

94.0 

94.5 

94. 1 

S3.C 

90.8 

86.3 

67.5 

92.0 

139.4 

1000 

92.8 

92.8 

93.3 

92.3 

86.1 

91.5 

90.0 

91.1 

93.3 

94.5 

95.5 

95.9 

94. 8 

91.5 

69.3 

88.2 

93.2 

140.6 

1250 

105. 3 

106.6 

108.4 

106.6 

103.1 

106.3 

103.9 

102.4 

102.8 

104.3 

103.4 

108.0 

109.8 

103.3 

99.9 

99.2 

106.1 

153*5 

1600 

95.7 

97.1 

98. 2 

96.9 

92.7 

95.7 

94.1 

94.2 

96. 1 

97.2 

99.7 

100.0 

1CC.< 

95.9 

92.6 

91*6 

97.3 

144.7 

2000 

93.3 

94.2 

94.7 

93.7 

88.7 

91.7 

91.2 

93.0 

95.8 

97,0 

98.8 

99.3 

98.8 

94.0 

90.8 

89.1 

95.9 

143.3 

2500 

99.8 

100.6 

102.5 

101.3 

96.1 

99.6 

97.6 

98.0 

99.5 

100.8 

102.0 

103.4 

1C4.C 

96.2 

95.0 

93.2 

100.9 

148.3 

3150 

94.6 

95.3 

96.6 

95.9 

90.4 

93.9 

92 .6 

94.6 

97.5 

98.6 

100.5 

10 1.2 

1C1.8 

97.0 

94.0 

91.4 

98.2 

145.6 

4000 

95.6 

96.8 

98.0 

98.8 

92.3 

95.3 

93.0 

94.1 

97.6 

99.0 

101.1 

100.6 

102.) 

97.8 

94.1 

91.6 

98.9 

146.3 

5000 

92.4 

94.5 

94.7 

94.2 

90.0 

91.8 

90.9 

91.7 

94.9 

95.7 

99.2 

97.5 

•99.4 

94.7 

92.2 

86.4 

96.4 

143.6 

63C0 

91.2 

92.3 

91.8 

94.6 

88.5 

90.0 

89.4 

8 9.9 

94.0 

95.4 

S8.7 

95.8 

98.7 

94.6 

91.1 

88.3 

96.0 

143.4 

8000 

89.4 

90.7 

91.2 

92.9 

86.6 

89.1 

88.2 

89.1 

91.6 

94.1 

96.2 

93.2 

97.7 

92.9 

88.9 

86.8 

94.9 

142.3 

100 00 

87.6 

89.3 

88.2 

90.4 

84.9 

86.4 

86.3 

86.8 

90.1 

91.6 

94.9 

89.6 

94.9 

9C.9 

€7.4 

64.5 

93.7 

141.1 

12500 

86.6 

86.4 

86.4 

90.1 

84.3 

85.6 

85.8 

86.3 

89.8 

91.3 

93.8 

67.8 

94.6 

9C.3 

86.9 

84.3 

94.4 

141.8 

160 CO 

83.2 

84.1 

81.8 

85.9 

81.4 

81.7 

82.6 

82.7 

86.1 

88.4 

90.9 

82.8 

91.4 

87.4 

83.9 

81.3 

93.0 

140.4 

20000 

60.8 

81.5 

78.0 

82.3 

78.4 

78.9 

79.7 

80.4 

83.2 

85.5 

87.5 

77.6 

86.7 

64.9 

80.9 

78.8 

92.7 

140.1 

OVER ALL 

108.6 

109.6 

110.9 

109.9 

105.6 

108.7 

106.8 

106.5 

108.2 

109.5 

112.3 

111.9 

113.3 

1C8.4 

106.0 

104.7 

110.3 

157.7 

Cl STANCE 






SIOELI NE 

PERCEIVED NOISE LEVELS 








114*3 M 

86.6 

96.4 

102.0 

104.2 

101.3 

105.7 

105.0 

106.0 

lOP.O 

109.2 

110.4 

1CS.9 

1C9.4 

1C3.0 

97.5 

91.2 



152.4 M 

82.5 

92.8 

98.6 

100.8 

98.2 

102.5 

101.8 

102.9 

104.9 

106.0 

107.2 

106.7 

106.1 

99.6 

93.9 

87.6 



304.6 M 

7C.T 

83.1 

89.7 

91.9 

90.0 

94.6 

93.8 

94.6 

96.6 

97.6 

99.0 

98.2 

97.5 

9C.5 

84.7 

78.0 




-4 

<1 



•3 

00 


TABLE VI. - Concluded. 


[Data adjusted to standard day of 15^ C and TO percent relative humidity; SPL referenced to 2x10“^ Pa; PWL 
to 0.1 pW.] 

(f) 110 Percent speed; fan physical speed, 2967 rpm 


FftFClfENCY ANGLE. ObG 



10 

20 

30 

90 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

SPL 




1/3-UCTAVt bANO SLUNU PBESSOKE 

LEVELS 

ISPL) 

CN 30.5 METER RADIUS 




50 

66.5 

79.9 

b6.2 

84.9 

di . 7 

82.7 

83.2 

84.7 

85. 7 

84.5 

85.9 

86.3 

85.7 

89.7 

91.7 

92.9 

86.6 

63 

/U.9 

8 1.3 

79.9 

bO.b 

bO. 3 

bO. 0 

83. 9 

83.9 

82.3 

83. 1 

84.3 

86.7 

85.6 

89.9 

91.6 

93.8 

85.6 

HC 

ec.9 

H2.2 

79.9 

79.2 

78-9 

79.9 

79. S 

80.7 

82.4 

83.7 

86. 6 

B6.5 

88.7 

92.1 

94.6 

95.8 

87.5 

iOG 

t6.4 

65.7 

85.4 

84.2 

fc d . 1 

84.9 

85.9 

84.7 

87.9 

89.4 

90.7 

91.7 

90.9 

94.6 

96.1 

97.1 

90.3 

125 

67.9 

b9.4 

bb.. 3 

b b . 1 

86. 4 

86.8 

86.9 

8 6. 3 

68.9 

88.9 

90.6 

91.9 

90.6 

93.3 

94. 6 

93.7 

90.0 

1 bC 

69.1 

89. 1 

b7.9 

£7v6 

86. 1 

86.3 

8C. 1 

86.9 

87.8 

88. 1 

89.4 

90.7 

86.8 

91.4 

92.6 

90.8 

88.8 

200 

66.9 

88.9 

87.2 

£5.7 

84.7 

84. 7 

85.2 

84.5 

85.9 

86.9 

88.4 

89.5 

89.0 

91.7 

92.5 

90.4 

88.0 

250 

90.5 

90.8 

bb.b 

88.b 

87.3 

86. 5 

85.6 

85.6 

87*8 

88.8 

90.5 

91.7 

89.6 

92.1 

92.1 

90.2 

89.3 

il5 

91.3 

9G.8 

90. b 

90. 8 

90.6 

90.4 

8b. 4 

a 7.9 

89. 1 

89.4 

90.8 

92.0 

90.6 

92.3 

91.8 

89.5 

90.4 

^00 

SO.b 

90.9 

9 1.9 

91.9 

90.4 

89. 1 

8 b.6 

88.6 

90.2 

90.6 

92.2 

93.6 

91.6 

91.9 

90.9 

89.3 

91.0 

500 

9C.3 

91.3 

9 L. 5 

92.2 

92. 7 

92.0 

9 1.5 

90.3 

93.2 

9 3.0 

94.8 

95.3 

92.3 

92.8 

91.5 

90.0 

92.8 

b3C 

9C.2 

'91.7 

92.2 

94.9 

99. 9 

93.4 

92.7 

91. 1 

94.6 

94.7 

96. 6 

96.7 

93.1 

92.6 

91.1 

69.8 

94. 1 

rtOO 

91 . 1 

91 .9 

92.9 

93.9 

93. 7 

91.2 

92. 7 

93.1 

96.6 

97.6 

98.4 

98.2 

94.1 

94.2 

91.9 

90.8 

95.3 

1000 

91.7 

91.9 

92.4 

93.8 

93- 5 

91.8 

94.2 

94.2 

97.5 

98.5 

99.3 

99.8 

95.2 

94.2 

92. 8 

92.0 

96.2 

1250 

95.9 

95.6 

97. 1 

97. 1 

95. 9 

94.6 

94.9 

96.2 

99.1 

100.4 

101.6 

102.0 

93.1 

95.9 

94.3 

93.6 

98.5 

IbOC 

1C5. 1 

104.6 

107.1 

105.3 

103* b 

101.8 

loc.a 

101.6 

104.8 

105.6 

106.6 

108.5 

104.8 

102.3 

100.4 

99.7 

104.9 

2000 

92.6 

93.2 

93. 4 

94. 1 

93. 7 

93. 2 

94.2 

95.1 

99.6 

100.2 

101.7 

100.8 

98. 1 

96*1 

93.4 

92.0 

98.0 

250C 

92.7 

93-7 

94.4 

95.1 

94.4 

93.9 

95.2 

95.9 

100.4 

103.6 

102.7 

132.7 

99.4 

9 /.4 

93.9 

92.5 

99.1 

3150 

97.7 

9 7.7 

99. 0 

99. 9 

99. C 

96.9 

97.2 

98.2 

102.4 

103.0 

104.9 

106.1 

103.9 

IOC. 9 

97.0 

94.4 

102.3 

-^0 0 0 

s2 .5 

92.5 

93. 0 

95.2 

92.7 

92. 2 

93.0 

95.0 

99.5 

100.9 

102.7 

103.0 

99.9 

98.2 

95.2 

92.6 

99.4 

5 )OQ 

9C.3 

90.B 

91.0 

92.5 

92. C 

91. 3 

92.3 

94.0 

98.0 

98.5 

100.7 

100.8 

97.8 

95.5 

92.6 

89.7 

97.7 

6 300 

h9.4 

h8.9 

90.0 

91.0 

90.4 

90. L 

90.6 

93.3 

97.9 

96.6 

100.4 

101.1 

98.3 

96.6 

92.4 

89.5 

97.9 

«OU0 

67.1 

86.9 

8 7.9 

bo. 6 

88.3 

88. 6 

89.5 

92.1 

95.4 

96.6 

96.8 

99.1 

95.4 

93.8 

90.5 

87.6 

96.7 

inooo 

bi.4 

83.4 

61. 7 

85.5 

dJ.4 

85.9 

86. 5 

89.6 

92.2 

92.9 

96.6 

96.9 

93.2 

91.7 

8d.2 

85.1 

95. 1 

12500 

80.7 

80.3 

bO.O 

82.0 

82.8 

83./ 

/ 84.4 

87.8 

90.0 

91.0 

94.4 

94.2 

91.2 

88.8 

86.0 

83.4 

94. 1 

16000 

73.8 

74-9 

73.7 

76.4 

77.2 

78.6 

79.9 

83.7 

85.7 

84.5 

89.4 

89.3 

86.2 

83.9 

80.7 

78.0 

91.0 

;ri)0Q 

6b . 3 

68.9 

6 7.6 

69.9 

71.6 

72.4 

74.6 

7b.5 

79.4 

78.9 

83.6 

83.4 

81.1 

78.3 

75.5 

72.9 

88.0 

(iWEKALL 

107.9 

107.8 

109.4 

iOb.9 

107.8 

106.4^"106.5 

107.3 

110.9 

111.6 

113.3 

114.1 

111.0 

109.4 

107.7 

106.8 

110.9 

niSIANCE 






SIOELINE 

PERCEIVED NOISE LEVELS 







UA.3 M 

87.6 

96.4 

102.3 

104.5 

105.2 

105.1 

106.0 

107.4 

111.3 

111.8 

113.1 

113.0 

109.0 

105.2 

99.8 

94.1 


152.4 H 

63.3 

'92.8 

99.0 

101.3 

102. 1 

102.0 

102.8 

104.2 

108.1 

108.6 

109.8 

109.7 

105*6 

101.7 

96.4 

90.5 


.304 *( H 

71.1 

83.0 

90. 1 

92.b 

93.9 

94.0 

94.6 

96.0 

99.6 

100.1 

101*1 

101. 1 

96.4 

92.5 

87.4 

80.9 



referenced 


POWER 

LEVEL 

IPWL» 


134.0 

133.0 
134.9 

137.7 

137.4 

136.2 

135.4 

136.7 

137.8 

138.4 

140.2 

141.5 

142.7 

143.6 

145.9 

152*3 

145.4 

146.5 

149.7 

146.8 

145.1 

145*3 

144.1 

142.5 

141.5 

138.4 

135.4 

158.3 



TABLE VII. - ACOUSTIC DATA FOR STOL QF-8 FAN WITH 119 PERCENT-OF-DESIGN-ABEA NOZZLE 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2 x 10 “^ p^- PWL 
to 0.1 pW.] 


(a) 70 Percent speed; fan physical speed, 1832 rpm 


FREQUENCY ANGLEt DEG SIMPLE 

SOURCE 



10 

20 

30 

4C 

50 

60 

70 

80 

90 

100 

110 

12C 

130 

140 

150 

160 

SPL 




1/3-nCTAVE 8AN0 SOUND PRESSURE 

LEVELS 

CSPLl 

CN 30.5 METER RAOIIS 




50 

71.1 

67.3 

68.3 

57.5 

68.5 

70.1 

69 ,5 

70.1 

70.5 

70.6 

71.5 

7C.2 

73.1 

74.0 

76.0 

76.5 

71.3 

63 

8C.2 

71.2 

67. 5 

59.8 

69,5 

71.3 

70.8 

70.7 

63.8 

70.0 

72.2 

70.9 

73.8 

74.8 

76.5 

77.7 

72.3 

80 

ce.? 

68.3 

67.0 

60,0 

65.3 

66,3 

66,2 

66.3 

67.7 

69.2 

71.5 

71.9 

74.8 

76.3 

77.7 

77.9 

71.6 

100 

7A.3 

73.4 

73.3 

67.4 

71. J 

71.9 

70.4 

71.3 

72.9 

73.8 

74.9 

75.7 

77.4 

78.3 

79.4 

79.7 

74.8 

125 

76.1 

77.8 

77.8 

73.8 

74.8 

75.6 

73.8 

74.6 

74.6 

75.6 

76.9 

76.9 

77.4 

77.8 

78.6 

77.8 

76.2 

160 

75.8 

75.7 

75.2 

72,8 

72.7 

74.0 

72,7 

74.0 

73.7 

75.2 

75.3 

7£.l 

75.8 

76.0 

76.5 

75.9 

74.8 

200 

76.8 

77.6 

74.6 

72*1 

71,3 

71.6 

71.3 

71.9 

72.1 

72.6 

73.3 

74.0 

75.3 

75.8 

75.4 

74.8 

73.6 

2 50 

78.0 

79.5 

77.3 

76,3 

75.5 

75.0 

72.8 

73.8 

74.5 

75.3 

76,3 

77.2 

78.3 

77.5 

76.1 

75.2 

76. 1 

315 

81.5 

81.5 

78.2 

78.2 

76.2 

75.7 

74 .2 

74.8 

75.3 

76.2 

77,8 

78,2 

78.5 

77.5 

76.5 

74.9 

77.1 

400 

82.3 

82.4 

81.6 

80. 1 

77.3 

77.3 

75.9 

76.8 

77.8 

79.3 

eo.9 

£1.0 

80.6 

78.9 

76.4 

75.1 

79.3 

500 

81.3 

82.8 

81.5 

81.3 

78, 8 

77.8 

75.8 

77.1 

78.1 

79.6 

81.1 

81.2 

81.5 

79.3 

76.5 

74.8 

79.7 

630 

81.3 

84.5 

83.5 

82.8 

80.7 

79.2 

77.7 

78.3 

79.7 

81.7 

63,3 

£3,1 

63.2 

81.5 

77.7 

75.6 

81.5 

800 

51.2 

92.6 

92.1 

92.6 

9C. 7 

83.4 

84.9 

85.7 

05.4 

88.2 

90.1 

91.7 

92.9 

91.9 

87.1 

63.4 

90.0 

1000 

55.0 

96.0 

96. 6 

97.0 

95.1 

92.3 

88.3 

89.3 

89.0 

91.6 

93.0 

95.2 

97.5 

96.1 

91.5 

68.7 

94*0 

12 50 

£7.1 

88.3 

8S.I 

87.1 

84.3 

82.3 

83. 1 

81.1 

83.6 

85.5 

88.1 

86.6 

£9.3 

8£.l 

82.8 

80.0 

66.3 

16C0 

50.3 

91.3 

92.0 

91.7 

90.0 

87.7 

84.0 

84.3 

86.7 

88.0 

91.7 

92.0 

93.8 

92.4 

66.3 

82.9 

90.2 

2000 

53.4 

94.7 

95.7 

95.6 

94.4 

91.7 

87.5 

87.4 

90.4 

91.4 

94.4 

95.3 

96.7 

96.5 

90.4 

86.8 

93.0 

2500 

50.9 

92.1 

92.6 

93.4 

90.8 

88.8 

84.6 

8 5.6 

88. 1 

89.8 

91,9 

93.4 

93.6 

92.8 

86.9 

83.4 

91.2 

3150 

5C.7 

91.2 

92.4 

92.1 

89.7 

83.1 

84 .6 

84.7 

87.6 

90.4 

92.2 

92.7 

93.4 

93.4 

87.1 

83.2 

91.1 

4000 

89.9 

90.1 

92.2 

90.6 

88. 1 

66.2 

83.4 

82 .7 

85.6 

89.1 

90.4 

90.4 

92.7 

93.4 

86.2 

82.7 

90.1 

5000 

88.0 

88.7 

89.2 

89.0 

87.7 

85-7 

8J.5 

81.4 

84.4 

85.9 

88.4 

88.0 

91.7 

89.5 

84.5 

79.9 

88.4 

63C0 

£7.4 

87.3 

87.0 

86.9 

05.5 

83.8 

79,1 

79.4 

82.2 

84.0 

87.4 

£5.7 

89.5 

ee .2 

82.4 

78.6 

87.0 

8000 

£5.9 

87.0 

05.0 

84,7 

84.2 

83. 2 

77.7 

78.0 

81.0 

02.5 

65.9 

82.4 

88.C 

£5.5 

81.0 

76.9 

66. C 

10000 

£4.5 

CD 

. 

o 

83.3 

81.5 

82.3 

81.6 

74.6 

76.1 

78.5 

80.0 

83.3 

79.2 

85. C 

02.6 

78.1 

74.2 

84.5 

1Z5QQ 

83.9 

84.4 

81.0 

79.3 

81.2 

80.4 

74.1 

74.4 

77.2 

70.6 

82,1 

7£.l 

84. 1 

81.2 

77.2 

73.2 

84.6 

160 00 

81.2 

80.8 

76,9 

73.4 

77.8 

76.8 

69,9 

70.8 

73.3 

74.8 

78.8 

7C.9 

80.7 

77.0 

73.3 

69.9 

82.8 

20000 

77.8 

78.0 

72.5 

68.4 

75.2 

74.3 

66 .0 

67.8 

70.3 

72.2 

76.0 

65.5 

77.8 

74.0 

70.2 

67.1 

62.5 

OVERALL 

1C1.7 

1C2.6 

IC3.0 

103. C 

101.2 

99.0 

95.2 

95.7 

97.5 

99.5 

ICl.B 

1C2.5 

1C4.2 

1C2.4 

98.1 

95.0 

LOL.5 

Cl STANCE 






SIDELINE 

PERCEIVED NOISE LEVELS 







114.3 M 

79.0 

89.6 

94.8 

97.3 

97.8 

97,0 

94,1 

94.8 

,97.4 

99.3 

100.8 

IOC. 5 

100.7 

98.2 

90.0 

62.1 


152.4 M 

74.3 

85.7 

91.3 

94.0 

94.5 

93.6 

91.0 

91.8 

94.3 

96.1 

97.7 

97.4 

97.5 

94.9 

86.5 

78.4 


304.8 M 

£1.9 

75.1 

01.7 

85.1 

85.9 

85.4 

82*7 

83.6 

86.2 

87.5 

89.4 

89.1 

88.8 

85.9 

77.0 

67.8 



referenced 


POMER 

LEVEL 

(PHLI 


11B«7 

119.7 

119.0 

122.2 

123.6 

122.2 

121.0 

123.3 

124.5 

126.7 

127.1 
12 8.9 

137.4 

141.4 

133.7 

137.6 

141.2 

138.6 

138.5 

137.5 

135.8 

134.4 

133.4 

131.9 

132.0 

130.2 

129.9 

148.9 


00 TABLE VII. - Continued. 

O 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2 x 10 “^ pg,; PWL 
to 0.1 pW.] 


(b) 80 Percent speed; fan physical speed, 2092 rpm 


FPECUENCY AhGtEi DEG SI f*PLE 

SOURCE 



1C 

20 

3C 

4C 

50 

60 

70 

80 

90 

100 

no 

120 

13C 

140 

150 

160 

SPL 




1/3-CCTAV6 BAND SOUND PRESSURE 

LEVELS 

ISPL) 

CN 30.5 METER RADILS 




50 

72.8 

69.9 

72.1 

61.8 

71.6 

73.3 

72.9 

73.8 

73.9 

73.9 

75.1 

74.5 

76.9 

77.9 

80.6 

81.3 

75.2 

63 

76.8 

74.2 

71.2 

63.7 

72.5 

74.0 

73.5 

73.5 

74.3 

74.0 

75.2 

74.7 

78.2 

79.7 

00.5 

01.7 

75.8 

80 

75.0 

73.7 

69.9 

63.2 

70.0 

71.7 

70.7 

71.4 

72.7 

74.4 

75.7 

76.6 

79.9 

8C.9 

82.4 

82.2 

76.3 

ICO 

77.6 

78.1 

77.1 

73.3 

75.6 

77.6 

76.5 

77.3 

76.6 

70.6 

79.8 

79.9 

02.5 

83.0 

84.3 

84.2 

79.6 

125 

75.5 

81.5 

81.1 

75.6 

78.3 

78.1 

76.8 

78.3 

78.1 

79.6 

80-5 

81.1 

82-5 

82.3 

82.5 

81.8 

60.0 

160 

78.3 

75.8 

79.3 

75.3 

76.6 

77.5 

75.3 

77.1 

77.8 

78.5 

79.3 

8G.4 

00. C 

8C.6 

61.1 

79.8 

78.7 

200 

8C.1 

81.6 

79.1 

76.5 

75.6 

76.8 

75.1 

75.5 

76.1 

76.8 

77.8 

78-2 

79.0 

79.8 

8C.3 

79.5 

77.9 

2 50 

82.2 

82.7 

82.3 

82.3 

81.8 

83.8 

79.0 

79.3 

79.5 

80.0 

80*2 

81.4 

63.0 

81.8 

81.2 

79.2 

81.3 

315 

8^. A 

84.7 

82.4 

81.5 

79.4 

80.2 

70.5 

70.4 

79.5 

80.0 

81.2 

81.8 

82.2 

81.4 

80.0 

78.0 

80.8 

400 

£4.8 

85.3 

85.1 

83.1 

6C.8 

80.4 

79.1 

80.1 

81.6 

82.4 

84.1 

84.4 

03.9 

82.4 

80.3 

78.0 

82.6 

500 

83.9 

85.1 

03.9 

84.1 

80.9 

01.1 

79.3 

80.1 

81. 6 

83.1 

84.6 

84.4 

82.9 

82.1 

79.6 

78.2 

82.7 

6 30 

8^.2 

85.9 

85.2 

86. G 

83.2 

83.0 

81.2 

8 1.2 

83.2 

84.4 

06.4 

85.5 

85. C 

83.0 

80.2 

78.4 

84.1 

800 

88.1 

88.1 

07.1 

87.6 

85.1 

04.6 

82.9 

83.4 

85.4 

87.4 

89.9 

88.6 

86.1 

86.1 

82.4 

00.3 

86.7 

1000 

59. 3 

99.0 

100. 1 

101.5 

100.3 

99.1 

95.3 

94.5 

94. 1 

96.3 

99.1 

100.6 

104.0 

99.6 

95.5 

92.2 

99.2 

12 50 

50.8 

91.4 

92.1 

92.2 

50.1 

88.9 

86.1 

6 6.3 

87.9 

90.3 

91.9 

92.5 

94.1 

91.1 

87.1 

84.3 

90.7 

1600 

5C.3 

91.2 

91,3 

51.3 

89.0 

88.0 

85.2 

86.0 

89.0 

90.5 

92.5 

9 2.9 

93. C 

90.3 

85.8 

83.6 

90.4 

2000 

9A.9 

56.7 

97.5 

99.0 

96.7 

95.7 

91.7 

91.5 

92.5 

94.5 

97.2 

99.0 

99.5 

96.7 

91.0 

86.1 

96.5 

2500 

51.8 

92.9 

93.3 

53.6 

91.9 

90.6 

87.3 

88.9 

91.3 

93.1 

94.3 

95.7 

95.4 

93.1 

88.3 

84.9 

93.0 

3150 

53.6 

94.8 

95.8 

56.1 

94.5 

93.3 

90.5 

90.5 

92.6 

94.0 

96.6 

91.3 

98. C 

96.1 

69.8 

86.6 

95.4 

40'00 

51.9 

92.3 

94.1 

92.9 

91.1 

89.7 

87.2 

87.6 

90. 1 

92.9 

94.4 

93-2 

95.4 

93.9 

67.8 

85.1 

92.9 

5000 

50.5 

91.9 

91-4 

91.4 

90.5 

89.2 

84.9 

86.9 

88.9 

90.4 

92.7 

91.9 

95.4 

92.0 

86.9 

83.2 

91.9 

6300 

5C.3 

89.8 

89.8 

89.7 

86.8 

87.8 

83.6 

85.0 

87.4 

88.8 

92.1 

09.8 

93.3 

9C.7 

85.1 

81.9 

90.8 

80 CO 

88.6 

89.6 

88.1 

87.2 

87.2 

87.1 

82.4 

0 3 .9 

86.2 

87.1 

90.4 

66.6 

91.7 

88.7 

64.2 

80.5 

69.8 

10000 

87.3 

87.5 

86.2 

84.1 

85.2 

85.2 

79.5 

81.2 

83.5 

84.3 

88.2 

83.4 

88.6 

66.2 

81.? 

77.8 

88.3 

125C0 

86.5 

87.3 

84.0 

81.7 

84. 1 

84.0 

78.6 

79.8 

63.0 

83.6 

67.3 

80.3 

67.6 

04. 4‘ 

80.4 

76.9 

88.5 

160 00 

63.3 

83.3 

79.2 

75.7 

80.8 

80.8 

74.5 

76.3 

79.1 

80.3 

84.0 

7 5.0 

84.8 

ei.o 

76.8 

73.3 

86.9 

20000 

BC.3 

80.8 

75.1 

7C.9 

77.8 

77.5 

71 .0 

7 3.3 

75.6 

77.0 

80.5 

7C.1 

81.6 

77.6 

73.8 

70.8 

86.3 

OVER ALL 

lOA.l 

104.7 

105.2 

105.8 

1C4.3 

103.3 

99.8 

99.9 

101.3 

103.2 

105.5 

106.0 

ice.c 

1C4.9 

100.5 

97.8 

104.8 

CISTANCE 






SIDELINE 

PERCEIVED NOISE LEVELS 







114.3 H 

80.8 

91.6 

96.7 

IOC. 2 

100.3 

100.8 

98.6 

99.5 

101.5 

103.3 

1C4.7 

104.1 

IC3.9 

99.7 

91.7 

04.3 


152.4 M 

76.6 

87-7 

93.2 

96.9 

97.1 

97.6 

95 .4 

96.3 

98. 3 

iOO.l 

101.4 

100.9 

IGO.S 

96.2 

ea.i 

60.6 


3C4.6 M 

65.0 

77.1 

83.6 

87.9 

88.4 

89.2 

86.9 

87.7 

89.6 

91.4 

92.6 

92.5 

91.6 

86.8 

78.6 

70.4 



referenced 


POhER 

LEVEL 

(PWLl 


122.6 

L23.2 

123.7 

127.0 

127.4 

126.1 

125.3 

128.7 

128.2 

130.0 

130.1 

131.5 

134.1 

146.6 

138.1 

137.8 

143.9 

140.4 

142.6 

140.3 

139.3 

136.2 

137.2 

135.7 

135.9 
134.^ 

133.7 

152.2 



TABLE VII 


Continued 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2xl0"5 Pa- pv/L referenced 
to 0.1 pW.] 

(c) 90 Percent speed; fan physical speed, 2353 rpm 


FBEOUENCY 








ANGLEf DEG 







SIMPLE 

POkER 


















SOURCE 

LEVEL 


1C 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

12C 

130 

140 

150 

160 

SPL 

(PMU 





1/3-OCTAVE BAND SCLNO PRESSURE 

LEVELS 

(SPLI 

CN 

30.5 METER RADILS 





50 

75.4 

73.3 

75.1 

65.1 

75.8 

76.8 

75.9 

77.1 

76.8 

78.8 

78.8 

77.7 

81.8 

€2.3 

64.6 

86.0 

79.2 

126.6 

63 

74.0 

75.0 

73.8 

66.3 

74.0 

76.3 

75.0 

75.3 

75.8 

77.3 

78.6 

78.2 

82.0 

84.1 

85.6 

86.3 

79.4 

126.8 

80 

76.5 

76.0 

72.8 

67.0 

76.5 

76.3 

74.5 

74.3 

76.0 

78.1 

€0.1 

8C.9 

£4.3 

€5.6 

86.5 

87.5 

8C.7 

128.1 

100 

7S.7 

79.0 

78.7 

74.2 

77.9 

78.5 

77.5 

78.5 

79.7 

81.7 

£3.4 

£3.8 

€6.5 

€7.4 

88.4 

89.2 

83.1 

130.5 

125 

83.7 

84.8 

84.0 

80.0 

83.3 

82.7 

01 .3 

81.2 

82.0 

83.5 

84,3 

84.6 

86 . 0 

86.7 

86.7 

85.7 

03.9 

131.3 

160 

C2.3 

82.8 

81.7 

78.5 

60.8 

81.0 

80.3 

80.0 

81.7 

82.3 

83.5 

83.9 

£4.7 

£5.3 

€5.2 

83.9 

82.6 

130.0 

200 

82.3 

84.5 

81.2 

76.6 

78.8 

79.7 

78 .7 

79.0 

79.3 

80.5 

81.7 

£<•1 

£4.C 

£4.5 

84.5 

83.4 

81.5 

128.9 

250 

83.9 

85.0 

83.9 

82.2 

81.2 

81.4 

79,0 

80.0 

80.7 

82.5 

82.7 

€4.6 

65.4 

85.5 

84.9 

82.9 

63.0 

130.4 

315 

86.0 

87.2 

84.7 

85.4 

86.2 

85.2 

01.9 

81.4 

82.4 

33.2 

84.5 

€5,0 

86.0 

€5.5 

84.7 

82.4 

84.5 

131.9 

400 

87.0 

08.5 

86.5 

87.3 

66.6 

85.0 

83 .1 

83.0 

84.6 

85,3 

£6.8 

€6,9 

86.5 

€5.6 

84.5 

82.4 

65.6 

133.2 

500 

87.8 

88.8 

06.2 

86.0 

86.0 

05.2 

83.5 

83.7 

35. 3 

87.0 

88.2 

87.4 

€6.5 

€5.7 

83.8 

82.1 

86.3 

133.7 

630 

87.0 

88.8 

86.5 

88.1 

86.0 

85.3 

83.5 

84.1 

85.8 

87.8 

89.0 

87.6 

€6.6 

€6.0 

€3.3 

81.0 

86.6 

134.0 

000 

68.8 

9C.6 

88.4 

89.4 

07.1 

87.3 

85.6 

86.6 

88. 't 

90.8 

91.4 

90.2 

£8.9 

87.8 

€4.4 

82.7 

88.8 

136.2 

1000 

92.2 

94.9 

94.4 

96.2 

93.6 

94.2 

90.7 

90.6 

91.4 

93.6 

95.1 

96.8 

98.1 

93.9 

08.7 

86.1 

94.4 

141.8 

12 50 

99.8 

101.8 

102.3 

104.8 

1C1.3 

102.5 

98.3 

97.6 

97.6 

99.8 

101.6 

104.7 

105.5 

101.8 

96.3 

92.9 

101.9 

149.3 

1600 

9C.1 

91.4 

90.4 

91.1 

89.7 

88.6 

86.7 

68.1 

91.2 

93.2 

94.6 

94.0 

94.2 

91.1 

€6.9 

84.8 

91.7 

139.1 

2000 

91.8 

93.9 

93.6 

94.3 

93.1 

91.5 

89.1 

90.6 

93.4 

94.8 

96.8 

97.1 

96.8 

92.4 

68.6 

86.5 

94.3 

141.7 

2500 

96.2 

98.2 

98.6 

99.9 

98.6 

96.9 

94.4 

94.9 

96.6 

96.9 

99.1 

100.8 

100.9 

96.9 

92.7 

89.6 

98.3 

145.7 

3150 

92.1 

94.6 

95.0 

95.7 

93.4 

92. 7 

90.4 

91.8 

94. 1 

96.3 

98.1 

98.4 

98.8 

96.0 

90.6 

87.4 

96.0 

143.4 

4000 

92.1 

93.6 

94.4 

93.9 

91.6 

90. 9 

89.6 

90,3 

92.3 

95.3 

96.9 

96.4 

97.4 

95.4 

89.9 

87.6 

94.9 

142.3 

5000 

90.8 

92.4 

92.1 

92.1 

91.8 

90.4 

86.8 

89 ,3 

92.6 

93.6 

95,8 

94.9 

97.2 

93.4 

89.6 

85.4 

94.1 

141.5 

6300 

69.9 

90.2 

89.8 

90.2 

89.3 

88.4 

85.4 

87.7 

91. 1 

92.2 

95.1 

92.5 

96. C 

92.9 

€7.6 

84.6 

93.1 

140.5 

8000 

88.2 

89.6 

07.6 

87.2 

87.7 

87.6 

83.9 

86.4 

89.9 

90.9 

93.7 

89.8 

94.2 

90.7 

87.1 

83.3 

92.1 

139.5 

10000 

86.3 

87.1 

85.6 

83.9 

84.8 

85.4 

80.9 

84.1 

87. L 

88.3 

91.4 

€6.3 

91.6 

88.3 

64.1 

80.9 

90.5 

137.9 

125C0 

65.2 

86.2 

83.1 

81.3 

83.6 

83.9 

60.3 

82.9 

86.4 

87.8 

90.3 

£3.6 

90.8 

87.4 

83.4 

79.7 

90.8 

138.2 

160 CO 

81.5 

81.8 

78.2 

74.7 

79.6 

80.1 

76.4 

79.3 

03.3 

84.1 

87.3 

78.8 

88.0 

83.8 

79.8 

76.8 

89.3 

136.7 

20000 

78.4 

79.0 

73.5 

7C.2 

76.7 

77.0 

72.8 

76.5 

79,9 

81.0 

83.9 

73.6 

64.3 

8C.5 

76.5 

74.3 

88.6 

136.0 

OVER ALL 

1C4.7 

106.4 

106.4 

107.9 

IC5.6 

105.6 

102.3 

10 2.7 

104.4 

106.1 

1C8.0 

108.8 

109.8 

106.6 

102.4 

100.2 

107.0 

154.4 

Cl STANCE 






SIDELINE 

PERCEIVED NOISE LEVELS 








114.3 H 

82.2 

93.7 

98.3 

102.1 

102.8 

103.1 

101.4 

102.6 

104.7 

105.6 

107.1 

106.9 

106.2 

101.1 

94.3 

86.9 



152.4 H 

76.0 

89.7 

94.7 

98.7 

99.5 

99.9 

98.3 

99.5 

101.6 

102.5 

103.9 

103.7 

1C2.9 

97.7 

90.7 

83.0 



304.6 M 

66.1 

79.5 

84.9 

89.8 

90.7 

91.4 

89.9 

91.1 

93.2 

94.1 

95.3 

95.1 

93.9 

ee.s 

80.9 

72.8 




00 

to 


TABLE VII. - Continued. 


[Data adjusted to standard day of 15° C and TO percent relative humidity; SPL referenced to 2x10“^ Pa; PWL 
to 0 , 1 pW”. ] 

(d) 95 Percent speed; fan physical speed, 2UoU rpm 


PREOUENCY 

10 

20 

30 

40 

50 

60 

70 

ANGLEt DEG 
80 90 

100 

110 

12C 

13C 

140 

150 

160 

SI HPLE 
SOURCE 
SPL 

50 

78.2 

74.7 

l/3-CCTAVE BAND SOUND PRESSURE 
76.9 67.7 77.5 79.2 78.4 79.2 

LEVELS 

60*4 

(SPU 

80.4 

CN 30.5 METER RADIIS 
ei.O 79.1 E3.5 84.7 

86.9 

68*3 

81*4 

63 

75.7 

76.9 

75.7 

67.5 

76.2 

76.9 

76 .4 

76.7 

77.7 

79.7 

80.4 

80.6 

84.9 

86.2 

87.7 

88*4 

81*5 

00 

8C.8 

78.2 

76.7 

69.0 

75.0 

76.5 

76.0 

76.2 

78*3 

80.5 

82*3 

£2*6 

86.3 

87.8 

88.2 

69*2 

82* 6 

ICO 

81.2 

81.2 

80.0 

75.7 

79.5 

80.3 

79,0 

80.2 

82*0 

83.7 

85.7 

E£«6 

68. C 

9C.2 

90.7 

91*2 

85*2 

125 

8 5.7 

85.8 

85.8 

81.3 

84.2 

86.2 

84.3 

82.5 

85.2 

85.3 

86.3 

86.6 

87,5 

68.5 

89.3 

88*4 

66*0 

160 

66.7 

87.0 

62*8 

8C.5 

84.0 

83.5 

82.7 

02.5 

83*5 

84.5 

85.3 

85.6 

86.5 

8 7.3 

87.2 

86*6 

84*8 

200 

64 .4 

85 .0 

82.2 

80.9 

8C.9 

81.0 

80.2 

80.4 

82.0 

82 .4 

84.0 

E4.3 

85,9 

86.9 

87.2 

85*4 

83*5 

2 50 

64.4 

85.2 

83.0 

84.2 

83.4 

83.9 

81.4 

81.5 

83*5 

84.9 

05.7 

E6.1 

67.7 

07.2 

87.2 

85*4 

84*9 

315 

65.6 

86.1 

84.2 

85.1 

83.9 

83.9 

62.6 

83.2 

84*6 

85.2 

86.7 

66.7 

87.1 

81.2 

86.1 

64*5 

89.3 

400 

67.5 

87.3 

85.7 

67. C 

86.0 

85.5 

84.5 

04.8 

86*2 

86.0 

88.5 

88.3 

88.2 

87,5 

86*2 

84*2 

86*6 

500 

87.7 

87.7 

87.2 

89.4 

67.9 

87.6 

85.7 

86*4 

87.7 

88.6 

89.7 

88,8 

87.9 

87.2 

85.4 

63.6 

87.9 

630 

67.1 

87.2 

88.1 

89,1 

87.9 

87.9 

86,6 

66*4 

87*7 

88.9 

90.4 

89.0 

£8*2 

81.1 

85.1 

83*3 

88*1 

aco 

69.1 

69.1 

88.4 

89.7 

87.9 

87.9 

87.6 

88.4 

90.4 

91.6 

93.1 

91.0 

90*6 

88.7 

86,1 

64*3 

89*9 

1000 

90.8 

91.6 

92.0 

93.1 

91.3 

91.5 

90.8 

90*8 

92.3 

93.8 

94.6 

94.6 

94.5 

90.9 

87.6 

85.7 

92*7 

12 50 

101.5 

103.9 

1C4.9 

106.2 

104.2 

104.0 

102.9 

100.9 

101.4 

103.9 

104*7 

106.5 

107.7 

102.2 

98.4 

95*4 

104*3 

1600 

90.0 

91.3 

91.6 

92.7 

91.2 

91.0 

89.5 

90.5 

93*4 

94.5 

95.8 

95.8 

95*8 

92.0 

89.0 

86*6 

93*3 

2000 

69.9 

91.3 

91. 6 

92.6 

91.4 

90.9 

89.8 

91.3 

94*4 

95.3 

97.1 

96.7 

96*4 

92.6 

69,1 

86*8 

94*1 

2500 

96.3 

97.5 

98.2 

99.5 

99.0 

97.7 

95.3 

96.2 

98.7 

93.5 

100.3 

101*6 

102.2 

97.7 

93.3 

90*8 

99*2 

3150 

91.4 

91.7 

92.9 

93.8 

91.9 

91.0 

90.5 

92 #7 

95.7 

97.0 

98.5 

98.7 

99.0 

95.9 

91.2 

88*8 

96*1 

40 00 

92.5 

93.2 

95.2 

95.0 

93.0 

93.0 

91.5 

92.2 

95.4 

97.7 

98.7 

90.7 

99.7 

96.9 

91.4 

89*3 

96*8 

5000 

89.8 

90 .9 

91* 2 

92.2 

91.8 

91.1 

87 .9 

91.1 

94*3 

95.1 

97.3 

96*2 

98*6 

94.4 

90,3 

86*4 

95*2 

63C0 

89.0 

86.7 

88.7 

89.5 

89.2 

89.1 

87.0 

89.1 

92.8 

93,6 

96,1 

94*4 

97*0 

93.6 

88.6 

65*7 

94*1 

8000 

67.1 

87.9 

86.6 

86.9 

87.6 

88.1 

85.2 

88 .3 

92.1 

92.6 

95,1 

91*1 

95.9 

92.1 

88.3 

84*8 

93*4 

10000 

64.9 

65.1 

84.1 

83.1 

84.8 

85.1 

82.3 

66.1 

09,4 

90.0 

92,8 

88.0 

92.8 

89.6 

85.8 

82*4 

91.7 

125C0 

63*5 

8'4.3 

81*6 

80*6 

63.3 

84.2 

81.5 

84.8 

88.8 

89.5 

91.9 

85.5 

92*4 

86.7 

64,6 

81*2 

92*2 

16000 

79.7 

80.0 

76.4 

74.3 

79.5 

80.5 

78.0 

81,7 

85.2 

86.0 

88.9 

80*1 

89.2 

85.5 

61.4 

78*2 

90*7 

20000 

76.5 

77.0 

71.9 

69.4 

76.5 

77.5 

75.0 

78,5 

82. 1 

83.0 

85.4 

75.4 

66.3 

82.1 

76.8 

75.7 

90.2 

OVER ALL 

105.1 

1C6.6 

1C7.3 

108.4 

106.9 

106.6 

105.2 

104.8 

106.8 

108.2 

1C9.6 

110.1 

111.2 

101*2 

103*9 

102*0 

108.4 

Cl STANCE 
114.3 H 

8 2.0 

93.4 

98.3 

102.G 

103.2 

SIDELINE 
103.9 103*0 

PERCEIVED NOISE LEVELS 
104*2 106.8 107.2 108.4 

1C8.0 

107.4 

101*9 

95*4 

88*4 


152.4 M 

76.8 

89.8 

95.0 

98*8 

99.9 

100.7 

100.0 

101*0 

103.7 

104*1 

105.2 

104.8 

104*1 

98*5 

91*8 

64*5 


304.8 H 

67.1 

80.1 

86.1 

90.4 

91*2 

92.6 

92*2 

92.7 

95.3 

95.7 

96.7 

96.2 

95.3 

89*2 

62*6 

74.9 



referenced 


POWER 

LEVEL 

(PKUl 


128.8 

128.9 

130.0 

132.6 

133.4 

132.2 

130.9 

132.3 

132.7 

134.2 

135.3 

135.5 

137.3 

140.1 

151.7 

140.7 

141.5 

146.6 

143.5 

144.2 

142.6 

141.5 

140.8 
139.1 

139.6 
13B.1 

137.6 

155.6 



TABLE VII 


Concluded 




[Data adjusted to standard day of 15° C and 70 percent relative humidity; SPL referenced to 2x10^5 Pa; PWL referenced 
to 0.1 pW.] 

(e) 100 Percent speed; fan physical speed, 2615 rpm 
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LEVEL 


10 

20 
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70 

80 

90 
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13C 
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50 

8C.2 

76.5 

79.3 

68.5 

79.2 

83.2 

82 .0 

84.8 

84.7 

84.5 

83.3 

82.9 

85.7 

87.8 

88.7 

50.9 

84.5 

131.9 

63 

76.6 

77.6 

77.0 

65.0 

77.5 

78.1 

78.1 

70.5 

79.0 

80.5 

31.5 

81.9 

86.5 

87.8 

89.6 

91.0 

83.2 

130.6 

BO 

73.8 

77.4 

75.4 

65.5 

75.3 

76.6 

76.4 

77.3 

79.6 

81.6 

83.9 

84.3 

87.5 

85.6 

51.1 

52.1 

84*5 

131.9 

100 

(2.3 

81.6 

81.4 

76.5 

80.3 

81.6 

80.6 

82.6 

63.3 

84.0 

86.9 

€1.0 

5C.3 

51.9 

93.1 

53.2 

87.0 

134.4 

125 

85.1 

86.3 

85.9 

83.3 

85.6 

85.1 

64.6 

85.4 

85.3 

85. 8 

86.9 

87.9 

89.5 

5C.9 

91;4 

90.5 

87.3 

134.7 

160 

63.6 

84.0 

84.0 

81. 1 

83.3 

84.5 

83.6 

84.3 

85.0 

85.3 

86.1 

87.1 

88. C 

89.0 

89.6 

88.4 

65.5 

133.3 

200 

63.6 

86.1 

84. C 

81.8 

81.8 

02.5 

82.8 

82.5 

83.3 

83.3 

85.6 

86.7 

87.6 

88.8 

89.1 

67.7 

85.2 

132.6 

250 

64.8 

85.9 

83.5 

83.9 

83.4 

83.6 

83.1 

83.8 

84.6 

85.6 

87.3 

68.2 

89.1 

69.3 

89.4 

87.7 

86.3 

133.7 

315 

66. C 

87.0 

84.3 

04.5 

84.2 

85.5 

04.2 

84.3 

85.7 

86.3 

87.7 

88.6 

89.0 

85.3 

88.8 

86.4 

86.7 

134.1 

4C0 

€7.1 

87.9 

85.6 

85.7 

84.9 

86.1 

85.6 

86.1 

87.4 

88.1 

89.2 

85.3 

89.6 

85.6 

88.2 

85.9 

87.7 

135.1 

500 

86.7 

87.9 

86.9 

88.4 

86.9 

87.7 

86.4 

87.6 

89.4 

89.7 

90.7 

90.0 

89.1 

8E.7 

87.9 

85.6 

88.7 

136.1 

6 30 

86.8 

68.1 

87.6 

89.4 

88.1 

89.8 

87.8 

87.8 

89.4 

90.6 

91.6 

50.5 

89.8 

85.1 

87.1 

84.8 

89.4 

136.8 

800 

€8.2 

89.7 

88.7 

9C.2 

88.7 

89.3 

88.8 

90.2 

91.7 

93.3 

94.0 

52.6 

52.2 

5C.3 

88.0 

86.4 

91.2 

138.6 

1000 

65.4 

90.6 

90.2 

91.7 

90.6 

90.4 

89.7 

91.7 

93.2 

93.9 

95.4 

54.5 

54.5 

5C.9 

88.4 

86.9 

92.7 

140.1 

12 50 

1C2.1 

104.0 

103.0 

104.8 

104.5 

102.3 

100.8 

101.0 

101. 1 

100.8 

107.5 

106.2 

108.3 

102.0 

98.8 

95.9 

104.2 

151.6 

1600 

51.6 

93.0 

53. C 

54.3 

93.5 

93.1 

91.8 

93.0 

95.0 

95.6 

58.8 

57.4 

55.1 

54.5 

51.6 

88.9 

95.5 

142.9 

2000 

85.6 

91.2 

91.4 

92.6 

51.1 

91.4 

90.7 

92.9 

96.1 

96.6 

58.2 

57.2 

57.2 

53.4 

90.1 

88.0 

95.0 

142*4 

2500 

54.9 

96.9 

57.4 

98.4 

97.5 

97.0 

94.7 

96.4 

99.2 

99.2 

101.7 

1C2.3 

1C2.6 

57.4 

93.6 

91.1 

99.4 

146.8 

3150 

5C.6 

51.6 

53.1 

54.1 

52.3 

92.6 

91.8 

94.1 

57.0 

98.1 

100.0 

55.6 

ICO. 3 

57.0 

92.6 

89.4 

97.2 

144.6 

4000 

51.5 

92.4 

54.5 

54.4 

92.5 

92.5 

91.5 

92.9 

96.9 

98.4 

59.5 

58.7 

100.5 

56.2 

92.0 

89.7 

97.2 

144.6 

5000 

89.3 

90.4 

90.7 

91.7 

91.1 

91.3 

08.9 

92.4 

95.9 

96.1 

50.4 

57.1 

59.3 

54.0 

91.3 

87.6 

96.0 

143.4 

6300 

68.4 

68.6 

08.7 

85.5 

69.0 

89.2 

88.1 

90.9 

94. 1 

95.1 

57.9 

55.2 

57.7 

54.6 

85.9 

86.5 

95.2 

142.6 

0000 

66.3 

87.8 

86.2 

86.7 

87.3 

88.6 

86 .6 

89.8 

93.8 

94.1 

96.9 

92.8 

56.5 

52.9 

89.4 

66*3 

94.7 

142.1 

10000 

84.6 

85.1 

83.6 

83.1 

05.0 

86.3 

84 .0 

07.8 

91.5 

91.6 

94.8 

89.5 

54.5 

5C.6 

87.5 

03.7 

93.3 

140.7 

12500 

83.1 

83.9 

60.8 

80.3 

83.2 

85. 3 

83.3 

86.6 

90.9 

91.1 

93.8 

87.1 

53.5 

85.9 

66.6 

83.3 

93.8 

141.2 

16000 

79.7 

79.5 

75.9 

74.4 

79.3 

81.7 

79.8 

83.3 

87.3 

87.7 

90.5 

01.9 

91.0 

86.7 

63*2 

80.0 

92.3 

139.7 

20000 

75.8 

76.3 

71.1 

65.5 

76.0 

78.9 

76.5 

80.3 

83.8 

84.5 

87.3 

76.7 

88.2 

84.0 

80.7 

77.9 

91.9 

139.3 

OVERALL 

105.0 

1C6.6 

106.2 

107.5 

1C6.9 

106.1 

104.4 

105.7 

107.7 

108.2 

111.5 

110.4 

112.1 

1C7.7 

105.2 

103.4 

1G9.0 

156.4 

CISTANCE 
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(a) 106 Percent-of-design-area nozzle. 




Fan speed, 

Blade-passage 

Overall sound 


percent 

frequency. 

power level, 


of design 

Hz 

dB 

□ 

70 

922 

150.4 

o 

80 

1054 

154.1 

A 

90 

1186 

157.4 

O 

95 

1252 

158.9 


100 

1318 

159.7 


a 

70 

901 

150.5 

o 

80 

1030 

154.5 


90 

1159 

157.7 

o 

95 

1223 

158.1 

X 

100 

1287 

158.9 


2 . 4 . 6 1 2 4 6 10 20x10^ 

Frequency, Hz 
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(c) 115 Percent-of-design-area nozzle. 
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Figure 45. - Concluded. 
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Figure 46. - QF-8 fan overall sound power level as function of speed. 
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(d) 119 Percent-of -design-area nozzle. 


Figure 47. - QF-8 fan overall sound pressure level as function of microphone angular position on 30. 5-meter (100-ft) radius. 
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(c) Microphone angular position, 30° from inlet. (d) Microphone angular position, 40° from inlet. 

Figure 50. - QF-8 fan one-third-octave-band spectra on 30.5-meter (100-ft) radius sideline with 110 percent-of-design-area nozzle. 
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( 0 ) Microphone angular position, 150° from inlet. 


Figure 51. - Concluded. 


(p) Microphone angular position, 160° from inlet. 
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(e) Microphone angular position, 50° from inlet. 
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(f) Microphone angular position, 60° from inlet. 
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(g) Microphone angular position, 70° from inlet. 
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(h) Microphone angular position, 80° from inlet. 


Figure 52. - Continued. 
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